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(57)Abstract: 

PROBLEM TO BE SOLVED: To operate memory devices 
at different speeds in different cycles. 
SOLUTION: This device is provided with a means for 
receiving address and cycle timing information, and 
deciding which bank of a DRAM should be accessed, a 
means for indicating a DRAM format for each bank, a 
means for storing plural DRAM timing parameters for the 
part of 6 DRAM cycle for each DRAM format, and a 
means for deciding the plural DRAM timing parameters 
suitable to a received address based on the DRAM 
format indication and the bank decision for each decided 
bank. The decided plural DRAM timing parameters are 
received, and the decided bank and address supplies a 
column, column address, and address strobe to the 
DRAM according to the decided plural DRAM timing 
parameters for the specific bank. 
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[MS] ^^ofc^^ * /ut*45**©^ * y 

SAIL, DRAMOifO^y^ASr^-fc^SttS^t-C 
*>**»*ft«i-6*il\ #/<y^6l:DRAM»^ft 
^-T6#8\ #DRAM^SluDRAMt>f ^/POflJ 

Jtwc8te*ttfc/<>'^*fcDRAM»a:ii 

T'£6lMfc<0DRAM*'f § ^^7^-^*r**-r* 
«:«■*.. ^LfcaStODRAM^^f;y^7^ 

^^ffloftSSftfctl&ODR AM*>f S y^f^y 
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1 

[?fl^^i] /<y^i:fii*nfc«|[©DRAMi«ffl i 
ft L> 

DRAMO±f<ZV<Vt7^gjf **ufc7 Kl^O/cfcKT 
*Hr*£Jx6^#T?*>aa>«:ftjr*-*¥afc* 

#DR AMKSlCDRAMt-f /KD»#(&fc«><Dt8 
$&<D D R AM^ <1 % ttWLb. JO 

ftSSttfc^^ttfcDR AMM^^V^^ 

DRAM^^f; ^'<7*-**ft£1-6^a*:* 

otDRAMi^jRW7A7 Ki^RtfT KU^^ h 
o-^«r«jfe-rS¥a^Sr«x.*:DRAM»J«l« 0 
[»*«2] DRAMlfW^Ili^ o s>*«*&gffi 
l> atrial 7^7 K^*Rtf7 hn-y £0 

^^/c/^y^^^^DRAM^^y^l:?ij7 ku*x 
h n-/§:i^t5B*«l KffiiWDR AMfH#m. 
[f&#3f4] DRAM^-^-Ff^M^tfoo 

l l:Et«)DRAMIB«ig 0 
DRAM«P8& 0 

KftWL %yJ*T Puxx ho-7*^^7A7 KU'* 
«UfcB#IB. p — 7 KU^^ h D-y^con — 7 K^^il 

l:f2«ODRAM$iJW 0 

9 6 IC COD R AMfSffitl, 
1^*58] fflft^/O^^Ea^ttfciaftODRAM 

:/pi?:yfrt % 

8ftiE:/p-ir ^O^y 7 Ki^ROMM */w**f 
y®&&m&irZ'<xt. 50 



ftffiW-S - 2 2 7 3 7 7 

2 

*i-6DRAM*J»»i:S:«^, MEED R AM«Jtt)« 

DRAMtf)£*c7V<y*#gjf £*Uc7 Klx^(0fc«)lw7 

***$;ftS^#^ifc5^£fc;£1-6^a^ 

#^y^SI:DRAM**i:ft^t5fR^ 

4 E) R A M^^^IC D R A M ^ )V<nUft<F> tz. *> <D& 

^^tt/c/<y^^iwDR AM»ais%atjt/<y^ft)6 

lwS<5^-CflMBg«$iXfc7 KU^IC®ffl-e#5«»C0 
DRAM^; y^7^-^*ftSt6fat, 
*3lUca»WDRAM^>f ^ y^7^-^^§jf 

otDRAMl:JIJ^M7A7 K^*RT>*7 h 

«rlBDRAMIfiiai*^WE^n^^«*«:S«U. ttiE 
^JSt>*7J7A7 KU^M7 KU^7 hn-7*Wf 
6«rffiDRAMWJ»»¥»tt^ S«^ixfc^Py^«* 

^^7A 0 

[fit#Jf 1 0] ?lJ&tf#7A7 K^M7 Kl"** h 
P-^Srflt»-f5WSEDRAMej»*^Sfi, h 
* ttfc l/^/K*R^ $ tu^c/^^ £Xft<D D R AMO^y 
*IC?lj7 KU** hP-7 r ^^r5tf^^8(7)n>t' 

:x — ^ '>^7A 0 

DRAM^^-^-K7^^ffco 
X. ^I]RM7 A7 Kl/^W7 KU^X h p-7*« 
»1-*«TlBDRAMH0«l»*a*s^-^t * h$*n§&£ 

[§1*3*12] «rSEDRAM*J»»*SDRAM<0#/<^ 
*KW!) ^XbtitcT Kux|6B*ri8*-i-$^a*rJE^ 
{I;i/c£l#3g8 O^t*^-* ->*xA 0 

3] |»ffi»»ODRAM*-r ^V>//^^- 
*fS, P-7Fl^^^hD-7'/l^^D-7KU^^- 
^KftW, *7ATKu^xhP-7'^^7A7Ku 
*fll:£t$F^ P-7K^^ho-7*^n-7K^ 
»&B#RBRtf;b7A7 KU** ho-:/«Sr£t*fit#JS 

[H*«14J W*7A7K^»4«fB^7^-^ 
[0 0 0 1 ] 



[0 0 0 2] 

(/77^f^ - * — /<3 — 1 0 — 1 S^mJO^ 

(0 0 0 31 L^Lfr^ib, 3y^-^>7f^lt 

[0 0 0 4] -7^^p/otyt«^$i«^ 

3. - * > x t A (7D4k#:(0ttlB -C4 fc'fiB fc«£"C £> 6 «t 
co5feii^ * * y r- ^rf * ^ * RtfSWffasfi^o ng ted 

— K^^y *gp*>DR AM<D{gffi-C£>9. L^lj 

[0005] io<D3efc6i*t6«aD«u ^y->^7ix 

<fc9lc, RAS*{ftl^y-h^tilPWl:ty h 
ttfc«^ltfTL*»tttff4e)4^i*lci3^X, HRA 
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II. »Lt^-^1^*;u£ft^r6fci?>lw, ras* 

«r«r^jH1-6fc«)lcBB**^fco ^Wtt, 1 9 9 3f3 
£22 0l-ttlP$tvfcii#O 8/034, 104 %<Dm 

.[0 0 0 6 ] lo<0»tefB I /0/<*li, -Y vx/i^tt- 

XZ* ZtllZ£<>Xx>'t'zL-*is*TJ*<D&1&&mto 

[0 0 0 7 ] £*<Dttt&«;&P£ft£1-5 fcfcli. £ < O 
Hffds^IIBftPR 0 ¥fTXte&ig LXBf^-ct ZZb&W. 

HI u^/w<0Jl 5 4*«^*l**u^fc«»Sttfc 0 
[0 0 0 8] P C I /<X(i x ^^cov^^x A^j^^l^^ 

*y *>XTJ*<D%)mz® j $>i-m&*&m'rz> 0 pcw< 



5teR*i*fm* »«>^>ttat:^7UT, 
^£ft6x-*co^£#o:: ct l-fr5 0 wttli, 

[0 0 0 9] Ml-, /<— y-Jvu oyt'a-^^fA 

3 3, 2 9 3lc^^^^fd^-ey ffiMSPStt, 

ISU tti6fcRt>5l§*rLT^3 0 1 9 9 3^3^22 
0^fflR*^feig# 0-8/0 3 4, 2 9 O-^Cllffj^ft 

y »-a«r*»ffi-6*-7 p o-feyy-i:-i» 
fi^^^y r^-f * Steffi 6 

So 

[ooio] ^lUi^yea-^^^r^ii, 4# 
loon] as^w&Kafcw*-*-* 
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rafc-a!<&fT3»] »*L^itJ6« 

SSft* fti&fftflMklC 8 J1J<7) 4 17- KT KU7iSPC I 
^^Sili-S^ ^yat-l/yi/|l 2 

PC i/<*a*bgttA*L<biv fia«fT^Jto^3ftS28-c4 

»tAtf*e>*t^ :o «t 9 £p<*y#pc 
^fts/c*^ ig***y (cam) ispci^ty 

K x CAMIl PC I*f^^yfTWrt(D»tt**a»f^ 

btf> pc i»^*yfT^j^-t^Ap*r^ y r-t-s* 

y ht>**L4^ftbff, ttU*^*ifi»tAixbtt-C. 
5o I^CT Ku-^^co2o(^^^^f^$:2oOfT^JI-P] 

5v^j6s^^^<*ur^yr$tu*^j:5^, f«- 
[0012] u^**««c*5^"C, ^ y Rtti^s 

X, ^^t-f ^^X^^$tl/c0^(7)PC I /<*^>;** 

pc i **^x# # ^z^tn^Trnztpit-rzc 

a* ^ey IM»»tt. PCWU^y^7x/f 

[0 0 13] ^^f^^^li^it5fc*l:, 
PC I /^^b*T^-5A»if5 AMcS^<. r.^b<7)fr 

50 -e#*. 



[0014] S<^^?(w N #* ^M1foW<o* * y ftj^ss 

CAS*fi*(0/^8J:, :/y ^-^B#lia£, 
p* 2/ f-fl^&tf* p y x^g 

[0015] ^ Uv^lfe«oft<D^»/j:Saaidsasw-0 
[0016] 

ft, #^l:J;ot*ii:BilT^$ 0 1 9 9 4^10 

k. 7Af^w7>(^j. = y ^xft^j:6*a» 

«=fcbKS#0 8/3 2 4, 0 1 60*1 F»-/<^, 
£fi£^-f CO^ryi/^^ey J N 1 9 9 4^10^1 
4B\zmm£tltc-f< tr/U J . nyyX, # y -W. h 

/3 2 4, 2 4 6 OSI f^o t W I /O/^S 

&M®irZtztb<omf*vi?y?$ s 1 9 9 4^10^1 
4 B^mmZtlfcZ^ VTJ* J . ~$RX$T7^ 
L. =^3/ K7^fttCj:S*H»WttiRig#0 8/3 2 
3, 2 6 3^)M [T^-^^y-^^&^tTiE^^x 
x 1 9 94*lO^14 0ilHJI^f:^xyX 

k. y temftfrmmmso 8/3 2 4, 

020 ft y og&&KSUgcfc:$8 

ti-54e>tf, ^rir jx^^^^y oa^*«iai-t-*ifi] 

BJk 1 9 94^1 0£ 1 4 PKfflPSftfcv^^X 

mftftttimmmo 8/3 2 3, ho^mw*^ 

H->f ^ /H^8 L t ^ t s/ ^ y S:fil^*- KG 
#fr£ii:6[H]8gJ Rtfl 9 9 4^10^14 0 t-tBBS ^ 

tnii#0 8/3 2 4, 01 l^inr^^y^T^ 
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[0 0 17] ^miZ&m'tZh, J: 6 a ytf 

HJ6«li:*5^x. i/^f^Sttll, 

Sl»X^<>r h-f*-^«^l 0 2 th, Mfltt4HB£ 

i o 4 ^mpc i in*, (/a&Mmsz&Mft) /<^9 

/<? 8T'fc5o '>^f Al^Si(7)$2<7)1^7tt, EI 
SA/UEt'fc^ 0 EISA/<*Eli, LATK^gli 
#1 0 6&I>*S AT KU*as#l 0 8&tf SDx-*g[S 
#1 1 O&tfE I SA/I S A$iJ#Pff-*§-j$#l 1 2£^ 
tfo PC I RtfiE I S A/UPSr/Ett^fASKS 

[0 0 18] CPU^^^^l Hit m 2 \^£tlfz 
%ti<D£ 5«-Sf»-Ct S^n-fe 7ti7- K«r£**A*i* 
fcfclC, PC I ^*9 8fcSMJ|$*i6. PCIM^^; 
1 1 6tt, B3fc*$*1,6 K*7**<Dm&fi 
20 - K£SttA*L*fctf>K:, PCP<79 8CiH^ 
5 0 PCIt/'>3yo^^ii8|i x PCI^S^ 

cs iat/*y h?-^ v*?^ * (nic) mm 

»1 2 Of}, PCI/^9 8«1$W 0 U< 
IS, ro»^£i 2 0iii)i-&«@KT-fc!K PCi/< 

SCSI iM*«fctf'f y h^^^7x-^i: It 
teffl 1" 6 HI& S C S I p^ ^ * l 2 2 tt N /n 
*0 -K^-f**- K7>f^0CD-ROMK7^y(7)J; 

M*P8l 2 0KgM&£;h,6 o ^-ns/h3^^12 
4fiv/^xAX«S^jgfi8*ixT, $ij«i2 0l:lli 

6 0 Ctltt, d-^SP^!?-^ (LAN) 

[0019] PC I -E I S A^y j/^l 3 Otts PC 
l'<A 9 8&tfE I S A/<*Effl-C«*«:£*i-Sfc«> 
^ CM^6o PCI-EISAyy$/v?130ll & 
M7KU^W7-^^777W77fh PCI 
/<^ffl<0ft^X05^^^^^M«lP^^^ EISA 
Wfrl2}&b, E I S A->^rA^ LTiglC^ffi^^fcE 
ISA/<^$iJffl]^i: v DMA*J»»fcfe^tf. ^^L< 

upci-Ei sA^y yi; i 3 oii v m-mmtE\®x- 

^7^13211 EI S A'<*Efc8tt£*L* 0 Ml 
5^ • PVt'^-^^^xAlCilUfo^^ SteJJtl'fRXf 



t t 
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PC Iftt/E I SA'<XPRXfZm<DVW&fr 

11 I S ARTIE I S A7y^-^- K£gttA*u5 
-1^4 0(OE I SA^ny h 1 3 4^ffiaSiiS 0 E 

I SA/<^ECtt«^ I /Of s//l 3 6 t>&jK£*U 
£ 0 I /Of y 7"l 3 6J1 !f}H<li707 

t-r-f H^RB^ny* (RTC) /CM* 

OS^^y, 2 0(DUARTMMi5I|jK- 

r'-f Kyf ^om$££ttA*i6:7 p v f— 
^3*^13811, a^I/Ofy/l 3 6C81 

^142 tHfll^, R^I/Of^l 3 6lJlft«* 
n5 0 E I SA/<XEWft^ I/Of 5/7*1 3 6it 
fctt* EI SA/^EM^~KfV^^ ■ Ky-ryra 
1 4 6ll|©/<y77fc 1 4 

mz$t®irh 0 #«38tt7V^A7*ir;***y (nv 

RAM) 14 8(1, EISA/^Eilgi^ttt, 
I/Of 3 6^e>^©«i«tS:gfflt5 0 T K 

^7 7f 15 011 E I SA^XEHSi^tl, ^ 
I/Of y^l 3 6JCj:oTWJ»$ttT, NVRAM 1 

VRAM14 8H fc*->*f *f»«&-&l>fc«>t::ftJB 

E I S A'<*E<BSDffl#l;ii£i|KS 
NVRAM14 8lt ^Of-^ tTy h*S«i" 
6fc^tC s XD7-^'/<^llgi^5 0 77r>^ 
ROM1 5 4fl *<0fW«RtfT K^*«*£E I S A 
/^E?5^§fllt, -r-^fiiSftJCXD/^liSSlS* 
n§c 77r>^ROMl 5 4(t ^^Kiinyt'a 
-*->*f A^fcafrfcB I OSMmt, BIOS 

#6 0 8 7 4 2BPt>*-/f - KHiSl 5 6(1XD^ 

E I SA7 Kl/^&WJW5)1 0 8 1 2C 

mmZtiZo h'HMl 5 6 11 tt*OK«-4r 

JKI;:*-*?- K="*** 1 5 8Rtf-^!>;*jj!<;vM3 
Vf -f yfr'U 1 6 ofcfiM* 

[0020] »*u^S?lfi««>3^trn.-^^^ 
f-Mas^rcfleAfc^tfo :os^^ CODEC 

f^/l 6 211 l^^fi^n^^f^l 3 2 
WS1S£*U 7to^*«»Rtf^tfy7 r l6 4l: 

o^**B8Rt/5**f jy^l 6 4«cS5ttStt % XD^ 

17^16 611 EISA/<^EO|iM^7-^^ 
1 1 ORXfl 1 2fcflMfc3i'l, I^^rAo^^ 
fS'/l 3 2\Z±iXffl$$tlZ> p ^ft^^t $ l 6 8 
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T. 7t n^«i|gS&Rt/S*lH 6 4<0Att*^««S 

[0 0 2 1 ] ^El2^#^t~6 tyoir ylJ-gffiPfi^; 

:/piryf-2 0 0 11 4 8 6 DX/33, 4 8 6 DX2 
/€6 N 4 8 6 DX 4/5 0~ 1 0 0 % 486DX4/ 
33- 1 0 0. 4 8 6 DX4/3 3-8 3, P 2 4 T\ 
^^7^7^5 0/7 5, ^y7^7A6 0/9 0W 
70 ^y7^7A6 6/1 0 0OJ; o^W^>y^^y^R 

5„ 7 p ntyt2 0 0il 7K^R 
(f«8»»2 0 2, 2 0 4»tf2 0 6 S:^U7 p Pt 
yir/^ P B^^^i"6 0 ^(DT'niryl^^^PBl: 
fl a yfa-^v/xf A<&ttf6&ft£1-3fcfcfcigjfjo 

iszLmJ3*Mf&'tZ>i"</i'2 (L2) 

co^r^y^^^^ey >^^f ix2 o 8 turtle 

2^r-Y>> v-^l 2 0 811 4 8 6 n ir y U* <t - 

20 S/aftl^Wt 2 5 6 *r P/<-f h 2 £^-f • ir y h - X V > 
77^f7'^t^>ai:LXIIiT^, ^^7^7W 
nirs/*^^— Hfjc«ffl$tt^l*ic2 5 6X1151 2^rP 
hiE&^y :/X(*2 .tj/h« 7y^>77^ 

«P» (CMC) WPCi/yr^f^/2i Oiiii 
SB#2 0 6&tfT Kl"*tt#2 0 4K»jtt$jh,T^S. 
CMC2iO(i, ^t'r^^i'JWtiltS^I:, 
L2^t^i/a 2 0 8|I^^XPT, ^tt*. L2 
^r-V y 2 0 8 <D*r^r y *s =l ^ ^yf^-f^OiM 
50 WHS*** 6o CMC2 10lt -jgtf>T Kl'X&tf 

r-^^;7 7 2 l 2^|«t6J:5i:Sg^T^ 
6o 7-^/<77/2 12lt £^ygE*nj2 1 4^(D 
U 7"^^ft^C^I:ffil/^n5 0 f-^/<y77 
2 1 2(i^nir y U"7*-* 2 0 2^»«SttT, C 
MC 2 1 0^?>WJ«HS#«:S«-r6o 7-^^7/2 

i2fi ^^ey ga^ij2 i 4^co^^ey r k^* • /<* 2 
1 6 at;^ * y 7-^ • 2 1 8 tft»t >^y 

2 2 0 ^*y7K^.yU216liC 
MC2 1 0*»&flMft*;h,6. * p y*#m&Xfimfk®& 
40 2 2 2iiyDtyt^- KPfcSiLtCMC2 1 0 1: 
»J«*^So S8©»^D-feyt3*^^ 2 2 4lt 
yptyf^^^^i i 4K-ifc1-£ £ pt^L&^ft 
5 J: 5 l:^fi)c^tu6o 7 P Pt^t^^^^ 2 2 4fl, C 
MC 2 1 0, y*—*'<y7T 2 1 2&T/y- a y ? ft&M 
&2 2 2 l:^i^$tLT, ^yt^-^^fAC^aj/ 
**0M&U 7 P nt^f2 0 0^PCI &tfE I S A/< 
^ PRt/ECT ^ir^T*^s PClR^EISA^^v 
^^^i^*!IEJl|2 1 4K7y*i?*-C#5PC I >f y 

50 [0 0 2 2] ^E)3^Mf5^ 11030^x^^7 7 



a • ^ 

3 0 0 H ^77^^3^^11 6 & — o 

$tl6 0 ROM3 0 2\^yy^ yt 3 1 6 (C 

«-B-4:g«-r6 0 ^r^^!) 3 0 4ll, ^77^^ 

H»83 0 OMfi^^ VTto^n W<-^ (DA" 
C) 3 0 eUUSR^itS. ^^7 7^ y*WMZ 
ooit t^t^^ey 3 o A<D^^um\^x. *f-# 

=»*** 3 0 8te, DAC 3 0 6 KSHftSft*. -e^* 
(B^l») 3 0 8fcSR$;h,6. 

[0 0 2 3] l^iD^yea-^^^rA^i^f: 

361" Si fcd*"C§5^fc*sttB £tiZ> 0 

ioo2 4] <$m4%&mi-&t. ^ni«2 1 o 

<T>y*xi y*m*7f:£tlZ>o m»»2 1 OlC&tfS 

WfrhZo 3o<OSl OMP^d y^te N ^nir^i^-^J 
#PBP*>PCON:/p 4 0 0 N PC I ftJ$)Hpib I CO 
N^n^ 4 0 2M^^y #J#PBP*>MCON;/p y ^ 

4 0 4t'$)6, PCON^O5/^ 4 0 0(t T^Pirylr 
/<* P Bl#[cyn ;/ir y-tf-T K u-*/<* 2 0 4&tf;/p 
ir y1rf|iij$l/<x 2 0 6— <7M *£?F0/&-r6o 

PCON^n^ 4 0 0IU27-^tr>^ 
2 0 8 KSRSftT, !^S*fW»f&^«r«*&i-6 0 L 2 
^ty>aHSl*tt, PCON7 r nj / ^ 4 0 0l:t^tl 
So jg#P#Jl-PCON4 0 0f* N 7-^^777 2 12 

tt, T-^^5/77$WfI^7-^/<->77 2 1 2 Id 

PCP^98C'fV^7x-^t-5 fl MCONypy 
^4 0 411 ^^i) T'U xm®M#X'hiX. 
TYK*- '<X2 1 6W^^yW/<X2 2 OfcSR 

^i"6 0 &4$£0$lJ$l:/p 5, ^ 4 0 0, 4 0 2^1/4 
0 4tt, KWStbS J: ?—#'<y7T 2 1 2(0^ 

[0 0 2 5] p**y«f|»»2 1 0SO7-^/<^77 2 
12IS, T 5 — ^(EiSdS^P-fe ;y1r/<* P B^t;^ ^- y /< 
*«DFfl, PC I 9 y<X<DfflXttyv1z 
i/f/<XPB&(/PC 1/^9 8(Z)F^t'^it6CH^ 

fimSJtS. Z<Dg{£)(Dtc1b\ZPCON7'v y? 4 0 0 

I CON^o y? 4 0 2\C)Em&m£tlX. PC I 
*9 8^/Dt5/f2 0 OfciaRfflSkftsttfci&fcH 
ttir Kl/^t«»t5. Kl/^tt, PCON40 

0HP2 Ifr?U4 0 6H«»*tt5. L<I1P2 
IfT^Itt, 4o(0»5i*^sfT5iJlcffiiti-6^^:*ST- 
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0 0(754&^|cio^-C, rtt^8<@^ 
3 2 t'y h PC I 8*fmi8K£*L6 - £j&sa@ 

ZtlZo P 2 I fr^J4 0 6 <Dtti7J# I CON7o yt 4 

0 2ic«»*iLr, rKu^^^ist^ una? 

^ff&fi, i^^-y 2 1 4*»t>orn-fey-S-Rffl(Ofc 
*l:PCON/o 7^ 4 0 0^f)MCON/o J /^40 
70 4fc:tJM&£;ft,S 0 »i&7 K PC 
ON^p y? 4 0 0^e>, SS48B04!7-KrK^ 
L^P 2MfT^J4 0 S\Z#»£tiXs i>L 
^r-f TA^ot yVtebtf ^Pir 7t2 0 0^^ 
4ow»ii*^, ^L4 8 61^/pt7t^^l^8o 

* y b&i 2 i Aizmm-tbz-ktii'ez 

6 0 P 2M*T*U4 0 8tf>ffl*j&S, MCONyu^40 
4^«i^$^6c 

[0 0 2 6] r CON^p 4 0 2 liMCON^D >;/ 

* 4 0 4 l£&ft£jh,T, PC I'<*9 8frb**V 2 1 

ICON^n^ 4 0 2Hl 2 M?t£IJ 4 1 0 
iCftftStlSo ff*L<ttI 2MfT«4 10H PCI 
^9 8^^^^-y 2 1 4— «^E»*?ej*1- 
Sfcfcl;:, 8&RS0 4 !7~ KT Kl^^SriBiti-Si 
T-#£ 0 I 2Mff?lj4 1 0(Dtfcl7:fiMCONyp y ? 4 
(MfcSRStL*. SMAPBP%^7^^y^Py 

* 4 1 2 ttfilJUP^o y? 4 0 0, 4 0 2 4 0 4 fc» 

50 [0 0 2 7 ] ■fcflfclAn&T, M2 I ABORTS UT# 
fiBSJtfcff -g-li ICON/D7^^4 0 2MCON/ 
P5/^ 4 0 4HM^t, >^yttW#l[*^SttO 

PC r ^ih»f^i:BJ«(cpc I ^^^^^IcioT^ih 
Jtlfc^MCON^os'^ 4 0 4#ftje-e#S J: 5lw 

ff^i-^o :ottofci!>i:^yiiiij#i^^ 

^^ 4 0 4(1, X^-^^EP^SN PREQff ^ 

^ey ^pc i Rmtftf^ffl^r h>^t'fc5M2i Bar 

Kl/XRt/PCON7 f 07^ 4 0 0^(7)I 2MS&7K 
^ l/^$:Mt6o rtttt, PCON7P'^ 4 0 0^L 
2*vy>s=Lm®%k<Dxx-7*&ft%%?t^ > 
yV2 0 0^O&ftZMf&1-ZZt%&®LX. 7**± 
y^-20 0<F>lftm<D L 1 ->a!HI|W() — ^« 

^Ptyf2 0 Of^COL l^rtr/a SD^SKfri* 7 

^l:8ttlt?ML4itnii/ib/^^-e^gT'fc^ P 

5^ CON/P^^ 4 0 0lt SNPDONEifllb**-:/ 



Hff$rRtf SNPH I TMBP*>*3*-:/t v h£MCO 
N^ny^ 40 4^»B8tl:*dlLr, MCON^ 

RWJftfl^S Srilfr-et's «t 5 fcf 5 0 
[0 0 2 8 ] ^5^#it6^ 7-^^777 2 1 

*!IB«S2 1 O^ftib iridic, ff^J 4 11. 4 1 
3Rtf4 1 4£^A,T\ T-fttmftZtlZffllZT KU # 
^^^*y«!l»»2 1 O^ilftSttT, r-^/<y7 7 
2 1 2«raL"C(Ka*ix5it*JttB-e*6. * * y m 
m%2 1 Ott. ^^^^ijffliyD -^4 0 0, 4 0 2M 
4 0 4^7-^/<77 7 2 1 2 0*»»S:«|pt5 «fc b 

kt-*'<v77 2 1 2&mW'tz>itit>\cmffiztiz >0 

PCON/Do / ^ 4 0 0li v T'Diryl^x-^ 

frh^vt yVf—$ 2 0 2^CO-t — ^COttl^^^ 
-^BP*»K»Sr»J«1-6, »ICON^d^4 

0 2li, PCI 9 8^<b;fl* Ui/X^^fO-r — ^ 
^7j/fRO'PC I /<*9 8— <Dy*—#<Dthfi<i* — 7 r 
/^S9, MCON^n->^ 4 0 4lt m^^^T^J4 1 

1 n 4 13W4 1 4^iiLTy f -^^^7 h U fT^J 

4ii, 4 i i 4^en^^^yf/M^^ 

<^)7-^ &mM U ynt^tr-^/^ 2 0 2^^P 
C I 9 8lr«*&i-*oi:ra«jc, **-y 
& I 2MfT?lJ4 1 4XHl/v^^^MIi: 

t^tMPC iff^J4 l l&tf 4 i 3ii7*-*/<>;/ :7r 

2 1 2\cm~JjfaT'hZ>t)K PClM> : ty^]414 

^*lpJttft^lft^*ixSri:^aEB$ix-5 0 * AM* Tie 

i:^ot^ y r 

[0 0 2 9] fftt. L^H)ft«^>^y»J«l»2 1 0 0^ 

»<0lof* % it^cDjggco-r^ ^ P7 p ot^«r>7 ; e 

yEJI|2 1 4l-*mS«*<DiSft<&DRAM7^<>f 
ttffllw«8ffiiJHIz:iftv>*tt14«:^-r-5 r * Sic 

3\ ^*U<Ji±>^yiS^lj2 1 4#8^^Xtt*v? 

2 1 ott3as^>^yaflf«:ffl^6c^ds-c§ % 
^^^«e(o»fio lot Ltft«$*i5 0 

fe<n/*Vm&&. DRAMft«»^-jttJCffl^e>ix-5 

ot^5, #^£<^*-y jgg^lC, CAS^^p- 
<0>^ y x-*Sl:£B#Ra&tf C A S hn-T'cT) 

s ** h p-^ic^i-^^y^r ku*^£b$p b W7£/& 
r a s p-r h* i> xfa&titm&B 
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y^2 0 0X1* PC I ^9 8 £ ft6B$<Q 

ftfcftffil 6 fc> h ^^^^yoi 0 t'y 
[0 0 3 0]^ 1 

try h [14: 13] RAS^!lft-S^ 

01=3^n^ 
10 = 4^p^ 
1 1 = 5^P7^ 

t'y h [12:1 1] MRDYRfflifcffi 
0 0=C lftitMRDYTt- h 

0 1 =C2«tMRDY7f- h 

1 0 = C3ttg*CMRDY7t- h 
1 1 

fyh [10:9] M 

0 = 2^P'^ 

1 = 3^p«;^ 
fcV h [7 : 5] 

t*-/h4, CAS— <DMD$&& 
0= 1 * n ?*fcfr*n 

t'y h3, RAS— cop-T KU^ttiC 
0=1^^ «LSCl*l»j 

l = 2^DS/^ifi^ 

30 t'j/h2, CAS^^7A7Ku^tM4 
0= 1 * p ?*H&ttm 
l = 2^Py^fit3i^ 
t'yH, CA S— <D$7J±T Kt^KttHtfi: 

0= i * p ^itse^ 

l = 2>7Py^5tic9#^ 

t'^hO, RAS^^D-7Kl^^/t-/i^K 
l = 2^P-;n-^W«l 

[0 0 3 1 ] RASryft-^ll £TCQRAS*{f 

^ ^#f5tf p-icrf— hr*# afflict h $ti 

tfclBtt, ^CASttttMRDY^^^yf-^Kfflft 
h£ftS^#-C*>*a»*:j£«1-6. t>LCAS 
/</U*«#2* p y ft fetf, C 2tt^^y^ 

£;ft,6„ MRDYttfBii, ^ny^HKRW^ya 

Sr3EISt"6. CAS-C0MD5t3i:B#ffl|i, CAS*« 
M^7t- h ^Siftt^ MD/^i^©R«5^os/ 
50 *-e?-fis<y7 7 2 1 2d*bffi»$ix4»ttLtffte)ft 



(9) 
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tt, CAS 7* - 

6. CAS'^7^7 KU^KUHMfctt* CAS*** 
HUi*W t^m^T-V— hT?*6«Hn. *7^7K^ 

n-7 K^^*-^Ktt, R A S b £titc'& 

[0 0 3 2] ^^®6^#if6h &12lt/<V^ 

l^^nOO, 5 0 0 4&-&if 0 r^^>(7)r 

K^tt, WS^y^iciassftfc^y *>>^-/w 

W»S<01^X&ft£Lfc«lc:/Piry1f-2 OOtUo 
•CSfi^tfr t*5-C#5. ^^^»C7K^^ 
** 5 0 0. 5 0 2&t>*5 0 4C0ffi^*i, tttfc§§50 
6, 5 0 8RO?5 1 0 I: 1 o^)A*fc LtMJftli. 
Jt£fc§l5 0 6, 5 0 8W5 10^^2A^^^Pir 

OT^ a -;KO>*yrK^I:J:otM*ii5. 8 

tt&B tttt»5 0 6 , 5 0 8R(;5 10lI(i2 

ocoai^^®3cOA^<h^^0 0 lO^Wrttt, tL« 
*&£;ftfc^^y 7 Y\s*1tt&%<F>/^sZ (n&'&nr Y\s 
*J:!3/h£<, Jfc«8^*-://i'£^rffifc*i' y ■- 

a^sft "btf. 9/>ft^t>^#KBP t\ 
r *uas»iR $ ixfc^ y * v h 6 c £ £ 5 J: 5 . 

t\ Jfctt*5 0 6ra:, tt:KS5 0 8(O/f*-y 

y r b*u (XD^ifey 

IEtg$;ft5 J: 5 fc/<^ 1 7 Ki"*«fc!J/h3^ 

ft<btf, ttS§§5 0 8C0B ANK lfg-^COttjyj^^^^ 

ftibtf, w^oii^fi. y^E-y 7 K flnvf ft 
it5c ^ftSfc, ^^^fetS/o-^^^^^y 7 Ku*o 

^ffi$:7n-r8o<^^^0/<^^/li^ (BANKO-BA 40 
NK7) frfoh 0 



16 



[0 0 3 3] :tlP>OBANK0~BANK7{ffli, 
MCON^d 7 ^40 4^<r>t$ffi<DtL)b\Z, I 2M?T?1J 
4 1 OXttP 2M*T*1J4 0 8*<0©&7 K^*ttfcfto 
Tietg^^/cB ANK< 2 : 0 >{f ffl^-T 5 IEt§^ 

[0 0 3 4] ±f2&@ £ix5<fc 5K S I*, 3o 

1 4&tf 5 1 6e0ffl*li, ^^O^g^^-T2 \*y ht 
*>0, rilfeOfcTy Ml, 1RAMBANK< 2 : 0 
>«*fcSM*£*u<5 8 A* 2t*j/ h^f/l/^f5 1 
8(DA^)^**&$nS„ B A N K < 2 : 0 >«-£|;itt# 
^07Kl/X^M^t, -r^fy^^tS 1 8 OttJ 

£ 1X1/^-5^^)7 Ku^fflO^<^^$r^-r#^C0 2 t* 
* h"C*>* J: 5 fc* PCON/o7^4 0 0XliICO 
4 0 2fflc07 Y U /V*?? is # -ty 5 1 8 

l^ttttl*^tt»5itf. ^^-f U*-fr5 1 8 cotB^tt, 
3AA^f^i/^t5 2 0^a«A*JH»J**tL6 Q 
v;Uf7'U'^t5 2 0|j:, HO, I RTf 2 &<D * * }) 
8&*-f $ >^tt£#tf l/i/^^ 5 2 2 X 5 2 4&U<5 

2 6 (c-t^ttftDtSixS. cixfc^y^ey *>f ^ ^ 

O^tH^liMCON^o «^ 4 0 4cOfctolC^)il!$ix5 
T-fcSo ^I^DxT, 7Kl/^tt<27. . 3>&l>* 

'<<< vj^-^^rnhK e * < 7 . . o>«*t % -ttu 

P>^frJlj4 0 8Xte4 1 0^^1LTiiI^$tt^:ii^|±l^ 

ft * * y itSir y x -f V ?<D$£ \z mm ; £ tilEtt Stilt* 

[0 0 3 5] 3lgW7'ots/taitRt;2igO^* 
[0 0 3 6 ] 



RAS/!)ft-v? 
MRDY«l7t- h 
C A S^</U^(ji 

S^7A7 KlxX 



33MHz 
6 0 ns 7 0 ns 



2 

C 1 
2 
1 
1 



2 

C 1 
2 
1 
1 



5 OMH z 
6 Ons 7 Ons 

3 3 

C 3 C 3 

2 2 

1 1 

1 1 



6 OMH z 
6 Ons 7 Ons 



3 

C 2 
2 
2 
1 



4 

C 3 
3 
2 
. 1 
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RA*-/UK^ra l l 

$ ^VW® 00 00 i 

(1 6ii&) 

[0 0 3 7] DRAMf/^^ISlt S I MM±ICig 

f)(D2o^X7>-^H, S I MMj§g£fc£-f 
fc, ¥*»"CtttoixS 0 C<0ft«tt. 1 9 9 3^3^2 
2 Bi^UJR*ixfcjg#0 8/0 3 4, 1 0 5-^iC^^i- 
EUR S ft, rftfc*oT#HBftt LTttflH-*, *ft"C 

T, rft^2o<7V<7;rf-<m^2 0Jp.ji,aH;i^e 
ftT, >f * us?x*fc:ffi«£ 

ft*'** 2ifgftffi*r»* 0 ^ytV-^i/xrA^f 

*»it*#fc:J:oTj^£ft.5* o v*mBtRXfi**y 

[0038] ^(D'&mnzmn^x. tk^ s ^ h 

4 0 4^tt#KW*&£ft-5 X OlZTjkiSftZv ^Dtyf 

C lHttlS#2fctfPC I#fcl?#ffi*f* x I2CAMH 
IT. I 2 MQ EMPTY^t^P 2MQ EMPTY 
t LT#fBSft*«*l;:j&5 7--K'* 5 5 O^eOA*)-? 
fc^c »*«oiS#:«-i§-tt, ^£ftfc«*rc^£ftfc«ij&* 

5 5 0Ottl^*i, *^WR^*[p|dSj8±Lfcii:Srft 
7^t6P2M, M2P' N I 2MSt/M2 Iflf, BP 
otyW*yt»P2M > s/^/M^-y 
Wttti%(DM2P^ PC ltt**»m&»1¥m<Dl 2MR 
t;PClRB*^fflOM2 IffcS, rftib04o<7)fi 

gfI1-5 4A^^/^^U-^^5 5 2-OJl|R{i-5§- < i; L 
TflM&SftS, P 2Mfr?U4 0 8 IS, ypir^f-^y^e 

y s&HflsfflofT^u o 8 a**>S£r Ki/^, m 

-*M2 P<0»£Rttl7 Kl^*, ^h-f^^/K ^ 
KilftflW&SftS. I 2Mfr?j4 10ft I 2 M 

*y ^ ^yRxfi'<^*ffim&Mf&i^ -OTrK 

^^ft«* 5 ICON^D^ 4 0 2^f)MCON^n^ 
* 4 0 4fciI«flM&£ft* < , v^/u^f5 5 2 cOidH 
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11 11 

12 2 1 
30 00 30 01 20 11 51 10 

{t&tf**yfii!]«2 1 0HJ:otSlT$ii5^#^ 

* h&*D§&5 5 4 ll^/l-^^U^^5 5 2^>a*»^8l« 

3S2 1 OWSt^SPAGEH I Tfit*«dtLT, 

»«t^:i:^-c^6:^lijil £ft£ 0 
[0 0 3 9] ^(D^mSizmrt^X^ MCON^n-^ 
4 0 4 \Z&\,^X m^^tltcm* (DX'r- h-v^V^t^ftjl 

^-8*fc>it£>ft6 0 Sl^f-Fvi/yiJ, MEMSM 
ip*>^y h-^>>6 0 0 Xh% 0 ^!l^r- 

50 h^v^y6 0 0(t ~? /I**?"? Is 9 V 5 5 2 rt* <£M y 
^-T $ i^ttRtf ICON^ny^ 4 0 2#^<7)M2 I 
ABORTfIf^It6o /yft-^f- F-7V/ 

fc^l £ ^f6RAS PCHGlP^RAS/yft- 

Ur*BR**tSflH}-*r««"t- Sfcfct£^/£$ft5 0 
RAS PCHGWtt, ^Mr-Kv/y6 0 0l: 
tfc*£$ft6 0 M{-s RASUPiP^RASTi/^P^^/ 

^ 6 0 4fi, y ^y *^##»+-efctM*i;:, ra 
^6 o oiUotffl^^SRASUPetWU 
0>»ttfc*fEas«»Sft5 o 

[0 0 4 0] y7i/7'>^^r-h-7v'y6 0 6ll y 

£ftt\ W1fc£<0fcfc(;:«i&$ftS o ^y/F^^ 
40 ^-^^^^6 0 8(1, "ys\=rJx(T>m^^^y^\B^b 
|p]«fc, -?jv*J-7\s#^5 5 2 * ^ffi&gfi 

LT, ^ ty ^f- h^^>V6 0 0^<DigiB{H§\ MS 

y»5&-f*"-y;Kl*Srffl*r*. MSEL 

^r^^A^T^fll-^ 2 : 1 1 0 Oil 

^A^{-^j^^tt6 0 hT K^yn >^6 12 



2 1 4\cMf&£tlZ/*V T Kl/^T'fc6 0 IWfclCMW 
E*BWi^*yBJ(2 l 4HM$ti6J:5li^ 

[0041] ^^y^f-h"7^y6 0 0ii, mras 

EP^v^^RAS&t/MCA SBP^-7**C AS 
S*<7 : 0>«^S:Jg^r5, t>L^ft#&f1^7ctf> 

fc<ORA S *«*#^fcfiM*$ftT. ^Uf/M^ 
* J *»fc^y^ir-^S*L5<D«rtf*-r6. MCASfi 
■*f±, Ll^6 4 t> hififfiOBE *< 7 : 0 
WHtSCASo^y^ 6 1 8fcfc«fefc3*b5. Zti 
5>0«*f±, RAS*<7. . 0>fIfiaoT^$ 
ftfc /< y ^ O^r 3t <D * *e y x * * *r * — ^/W-T -5 fc 
fcfc«ffl<**lfcCAS*< 7 : 0 > fg *fc«> 
MCASif ^xyn- K$tV-5W«W8/<-f hi/ 

ztite^Kbtf* ^(Dmm^fcCAs *in?rfrfemt£ 

^a- KS:Mt5CAS*«fl:j:ot*-MWE * 
[0 0 4 21 ^14 0 6, 4 0 8M410f»«I 
^^^^11 #ff^Ji:^i!)-r6 3o<d#£<d# £ v 

^fiicso^-cawR^*. 3 oa># wtmtL 
$>6 0 Hutfc«# &<d^>i ? ;\sm<Dmmj?- 

^^I^^IXWp y*fc««S*i6 4Xtt8 

^tW^^u-^^^Srfi^fSfc^^ffi^feixS. RW 
*W y * v h Stur, lot, IS7 7 'r>3yc 
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mWStWRSofciO^^Sft^. ftoTI 2MQ 
EM P T Y <t P 2MQ E M P T Yfl^-fi 0 tltf^X 

[0 0 4 3 ] I 2MfT^J4 1 0(D&£<Dmz, igS^ * 

4 0RXJP6 4 2ttB9^35%Stt, fcfc: 

«SOl/i?^^ 6 4 0, 6 4 2(Dtti*Hi. 
^^f^l/^f^gS LTMCON^d j/^ 4 0 4\Z<D 
JO 3Mft*S*t*# N t&f&<7)tfctfc^6 4 4W6 4 6 fcfcffc 
*&£fr3 0 lt$fc^6 4 4&t>*6 4 6<^2 A^7)^p :y 

u-^SrSfg-rS. Jttfc3&6 4 4RU?6 4 6 ft, t> L^n 

7t^tr Kt"*/<* 2 0 4TSSHJM&£JxfcT 

# I 2Mff^J4 1 0 d^ftST Kl^XOlo^Ll^ 

«AND^- h 6 4 8W6 5 0 tf)-A*fc:fT< . AN 
Dy-h6 4 O&tf 6 5 0^OS2A^WK'^ h U- 
^ ^^ 6 5 2W6 5 4{aotM^tl6c t>lr- 
9 It I 2MfT?l|4 1 0<7)#£(7) 6 4 0, 6 4 2 

ff^iJ4 l o^#^^tu^^(^ir 5/ h^^ N r->dSff^J 

££ffi^1-5fcit>K: 1 ooHjjtfc-fc y h $ti-5 0 AND^ 
.70 - h 6 4 8 — 6 5 OOtH^fi, ^otjytlCiotl* 
£ft6#£<£>l^tfJT K^#PC I 9 8*»e>o*a 
ftf^iltl 2MfrJi|4 1 Ol^llflFftlt^^Ci: 
£^1~6 7c#i;L;l2/&£;tx5 I 2MCAMH I T{f-^£ 
WAt6 8 AAOR^- h 6 5 4 Ztl&y 
Ptyf2 0 0j5^O^*y»ttiS*tt, 
I 2Mff*nj4 10^P)77S/'>a £4x6 *T\ 

[0 0 4 4] #*L^5IH«lC43l^T, i^y214 
2M) , ^*y»^n-fejx*Rffl (P) , PCI^t^^ 

y#i^ (1 2M) , ^^y^pciiai (M2 d at; 

y7Uy^3.?5i^6o P 2M@i^fi^^y 2 1 4^(75§ 
ii^#RR M2 PRtU/&M^- y 2 1 4<OttfflSr#R8 

60 I 2M»aiiy^ey 2 1 4^tM#»U M2 

1 ^fcb^^y 2 1 4 <7)^£jb£#jgL> pj#^pci/^ 

XoXtefrbtlZo EISA^77^^^t, 
^^T^^^ey^^Jl, PCI^X9 8J:(7)/^77^ 
5^7 X'hZ>ti#>\^>&mt£v"J'y?*<a$sFC I — E I S A/ 



y \ 3 0lCi§£*i6 o ^ota/jlE I SAMO 
^*yS#t)PCI-EISA^!/yi;i3 0l:J:ot 

waicrf— h$nfcp<*y®#-c$>* 0 -ttfc^y 

B*<0ff**tt, »oa»0)0!*&[fc^-Cft<B (1)^2 
!)7U r >ail (2) P2M&&B*. (3)M2 
PRffiB*. (4) I2M^fl (5) M2IRUJ 
B#* at/ (6) mi y 7l/y«> a ®*tife6o |{2!l t 
y^y^^m^n2-0(D]) 7 ^yi/~ft^M&:X'hZ>Z 

3 4 OP! y 7 i/ jy i/ a 8#Sr* t B ^ « ftii: 

r£lt, pfy 7 u^>^f->r ?ji>*mft-rz> 0 P2M 
#&B?fm, ff&K**jf$2 y 7\syi/~%m^x{&<D* 

£l]4 1 O/^/UT'fc^i&^te I 2Mfr£lj4 1 0 
■C*< > PCI/^9 8RW**ftt*)4 4f)tf, « 
#M P2M NOPOSTIiTt-h^tlT, PCI 
»5&»f^*s^T1-6*-C\ P 2M»5&«*OjS4-5^JlC 

1"6<7?£fF^-f-6o t^L^^^){f-^-M P2M NO 
POST^)rt-Ml 7 4 b'<y#&PC i ^y b 

[0 0 4 5] M2PRttJ»#(l, ft&M*'P 2M#&B 
*i 5 t^ot>(gV^S % a«ff5fc*t# I 2M#£&t>*M2 
l»U!S*J:5Kt>, tftf^fi, P 2Mfr?i|4 0 8#ffi-C 

ny* §jftfcM2 PBfflS#ll % t LM2 PRffl# I 2 

tf, «jtett#I 2M«£B*J:!Ji6<»8(£*L6o Cti 
^^tfcB#iw, M2P|*lt -aUfc7Kl/7t» 

01 2M#M** 5 ±^ : ty 2 1 4lC#ii*tt5*-C, 

I 2M»*ct*)fi^**-e*>5. Sfc, M2P 
^WB#te, t)Ll 2MfT^J^7/u-c$ > 5 4P ) tf. 

2M*i&B*J:f3fi<3fi»J$tt-5, ^AnttlC, t 

7t-h$n5<j:f)^ I 2M#i&B#i*, ffi5te*#M 

2 P^aiB*J:l?iS<3iSiJ$tlT, I2MtTW!)7 

6, JEfc % M 2 I Kffl|?*tt, t)LM2I mm&M 2 P 
B*ttK:f*«LT l o«±o#tf*>r ^ftfc^y- h 
-*-5fc6tf* ■Ms«^M2PKUa]kJt9K<MlfM$4i 

[0 0 4 6 ] I 2Mg&B#tt, ffi3fc*f#ftfc»2 y 7 
^y->*«#Rtfp 2M#£«#J:0(6< , ±IS«*S: 
»^T«5t«^-ttl-M2 pRfflS*J:*)ffi:^. I 2 M 
•fclftflMl, P 2 MfT^J4 0 8&mxtbZmz<Dfr&± 
tZZk&XZZ, I 2M*i&B#tt. ff5M«S«fcM 
2 lRfflB#J:!JRi\, I 2 M&&B#li. 1/ nir 
2 1 4 (Op £ftfcT£i?*£fT/<£o 
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I 2M3U2M2 I^r-iai:f6: 
[0047] i^y2i4^p s/^fip-fciK^aor* 

-fe*tt\ D^otyf2 0 0"CiE®j^^5{I^L 

OCK*l:J:oT^^^ 0 n StlfclM 
7^p/Dtj/t20 o^i^^ey 2 i 4<t)T ki^^ 
tt«*Rffl-r^ ^>f* p^Diry-^2 0 0 ?2»> 

70 mc**])&m^m<>x®&ttifi\z s Tt±x$titc& 

^7>K^10^y^yi$t^5Bt^XCHG (£ 

ft) #^3^?*, -fe^^^h Xtt^-S^T- 

[0 0 4 8] M 2 I RfflBtftt* 2^7 
*0 Uyi/aB** P 2MSiig*RU5 1 2M«&B#J: 5 

£ixfcM2 pRUJB*«fc M2 i Rfflftflstt, p 

2MtT?lJ4 0 8^^T^eB#IC(D^^i-5C fc^-C^ 

[0 0 4 9] ft»ftl:»l y7 1/y5/a5*H 

ttSJ: 9lcf&2 y 7UyS/AB** s r-»— b£tiZ>m\z 
tt, H*<o«lRtfJB2 y te<7>B# 

^ [0 0 5 0] JEfc5»»ias % £*b£-Hfl#ttlK 

£*ifcig#o 8/3 2 4, o i i IV ^ey^^r 

[0 0 5 1 ] ^01 0£#HS1-6^ ^yxf-M 

-fre>ttfeai*<oai^«*, ^Oi^MRASWMCA 

6 0 0«(t R I B|l*>RASr^ K/^ffi^S^i" 

^SI^R 1 T-ife^/j:^^, MRASfl-^-mtlic-t^ h 
9(CT^-h^tt6 0 MCASfE-^-li, 0 l/^/H:^^ 



Ml (M 2 I ) 4»it£*vf (!M2 I ABORT) * 
VTZtlte-f ( ! CLR I 2M) *litL^otyfX 
UPC I /<***feO»»*fW»±LT, RASflt^ 

oo-r Kwiwp^ y r Ku^^f- h^*> 
^6 0 8 {zx^xmnsztizx? i:-aifc:i:^ 

t^n-r KUXfi^Tfgf (RADRRDY) #K 
*t5ifA/41**>«FPfl«*t«< (WAITRADRRD 70 

y) , fat* vm^**v tfbzz tSr^i-^o-r k 

U^flftWMBa (RADSETUP2) fll#dSStt<bS 
ihA^fcfetf* RU^y 7 l/yi/af^f ^/U (RFSH 
ON) &&±LX^'?s P C I /<*9 8^<DWrtV>mtti 
-fj ? Jlsfrcp±£tlX}3bi* (M2 I ABORTCU 
R) , ft-^^RAS PCHG{I-^lC<toT 
^^ftS.tplC^TLfc^Pjff, R I tftffi^feR 1 «ffi 
KSfirfa, M2 I ABORTlftll ±$£*l,6J:5 
(IICON^oy^ 4 0 2^J:oT«»Six-5. M2 I 
ABORTCURfl^lt MCONyp>7^ 4 0 4ia 40 

XitfeTZtlZ^ZVhZZ. kZmTjk-tZo M2IAB 
ORTNEXTHttt, #if^M2 I>*f*/Pj&* 

J:ot^it6C^^t6 0 CLRI 2Mjf^C0i 

j&s^y f-ir-^SixSftfetf, *J*PttR itt<6a><bR l 

[0 0 5 2 ] RlftlCio^T, MRASli-^-fllBn^ 
'^RlHSGfcHz y V £tu MCASgfHn-|:t y H 
£*LT, riX^f-^^/KDRAS<0^(?5a5^"Cfe'5r £ 
^m^-T6 0 »J»tt, h IRADHLD 2«#*sjfC*> 

jfe*IH<DR 2«jB*S^S!fc t -5 4b 

tf, R ltttt^feR 2««^iifi : 1-6 Q t> LRADHL 40 

D 2fe-%-itMxte\f^tebt£* *— KtiMBtf) l ^ p y ^ 

"C, MR A S«*flTf— h £tl* MCASjl-^-^^y 

[0 0 5 3 1 R3«fl8iw*3^X, MR ASfl^-(iXBn*> 
'^XhV* -^MCASfg^li, fc L#:<0:Rlg#C 1 
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ATKU^M^T (CADRRDY) «»#^*!I7 

ftbtf, R^^^y»^SSfflr-^felw^»LT±* 
e>4t^45>tf, j£fi, 7"nir yf^^^i) XttPC I /< 

^6 14 lUotM^tl^MDVAL I Dfl^lCct o 

[0 0 5 4] Cl^lCfc^T, MRAS^MCAS 

CAS^e3^Py^fIf^I-C'$)64e^ CI 
««*^C2ttlB^iifr1-*, H«tts HCASPW 

3«##KT-fc^fte>tf, c i*(B^e>c 3jRttfcs:» 

»T-C2«ffi^e>C3«ffilCjiffr-5, C2«8l:*J^ 
X, MRAS&tfMCASm^-hMXhZ, lot, C 

J:5^, t>LCAS/</P^«*Si;*)*<r-#-5ft?>ff^ 
[0 0 5 5 ] C3«ll:fe^t, MCASfitttOl/^ 
MRASlIfd t)l^W 5 RI^lt$>5 
•fey h ^F^6o $ iftttfttfMRASfl^te^BP^T 
~ Krafts***-*-*. «J»tt, t)L4 8 6M^>'f 

^»**-f StnafT<7? > * y *t p c 1 aa-^ * 

j&£tlZ>&5\zq>±$ti s t>L&0;<^y#PC I red 
^f^^^jh^tff > M2 I ABORTjf^XliCLR I 
2MiE^\z£'z>X7f;tsi-iZ>l:b HM2 I t jvit^k 

^/W^£L (M2P + ADDRRDY) rftj^- 
S/ hX4<, y 

^^-yUt'fc6:^RASUPyo ^ 6 0 4^5 

Lfc w <b ^.TfRA S U P«^K-Cfc-6 4 bl^x 
C3ttffi^P>R I tttB^ilfif1-6. RAS.UPB* 

I0 0 5 6] RAS UP=! ( ( ! WR I TEBAC 



K && P2M) | | (IMDATARD && M 
2P) | | (!Q I2MQEMPTY && 12 
M) | | ( ! M2 I ABORTCUR && M2IM 
ULREAD && ! M2 I ABORTNEXT) | 
I H I T 2 MOD) 

[0 0 5 7 ] ^ftSL RAS *«*ttn-ip*>, 
lUcliL 2 3r-r y \y^.t^h<Oy^ h/< y # XI2#V^p ^ 
-ty^-n^^^^m^. ^Dtyf^- K^tti&fK 
W^^f P C I /<Xte^ *it£ 

tlfcfr'Dfc P C [ 9 8 ^ib^^^ey g!ffl£lh&f£i£ 

{ti^XO^lC&^XRASUPft-g-fi, yyf 
[0 0 5 8] i>LC3&m*hRl^<Dm&<Otctb<DW; 

ras n-r-r K^^icitfT-t5o rco^^ic^^ 

X, MRASjg-^-fi^ L&£>ftt^R I VtmVhZteh 

£*t£ 0 MCASff^-^^ L^(D^S^C 1 T^6^^ 
tf7lJ--h£*V £>bfttt;ft^MCAS{f^P-:{£fi 

h&tfMslCRN/^C 1 ^li^iifTl-^o $'J$l 

^l/Ml^±X(i^~ 5> 5 * ##£1-5 * X p -O R A S 

!)^f-^v'y60D(i, il^ <D* 4 * is? 

fil:S^tMRAS&r;MCAS«t«:8iU Zti 

[0 0 5 9] ^^yr Kl/^^f-h-7i/y6 0 8Hi 
lllC^$tt6o 0 8te N y-fe^h0# 

lCRAItt«-C»*5 0 :o«H8l:ib^TRADRRD 
Ym-*§-&tfCADRRDY<f ^fi, flJRtf* 7*T K U 
*j&*ip{gX-#Xl/>/«£V^£ SrJ8^1-Sfe«>lcn-|c-fe jy 

b£tl. MSELRAfiffi, ft. ^Ur^^l: 

yb£tlZ Q MWE*<f^te, !)ty hl*RtfRAItt 

fflfcAofc^fcilp*,*?'- hi/^l:ty h*ix, & 

t-f^/^ J PC I 9 8Xll^Dir >>^2 0 0d»5>fip 
#-C4Wib»fRA I W^RH 1 «9§lCiifTi-6o 
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mfT^M 2 I ittlf^f^/Hl M2 I ABORTfg^tf) 

T-C*±*tt, -*fc(OM2I|lttl*^^;HiM2IN 
A«*#£«*;h,fc1$fc*±£ix6aSM2 I ABORT 

(0 0 6 0] RHlftSCJb^X CADRRDY8* 
&*-\Z±y b Ztls RADRRDYifflt RA I ft 

®^ibAofc^FicM2 pgnt)> ^-u^^Dir ^ir^o 

10 ffidir* b£ti. «»*^5J:5^CH2«lB^e>OA 
Pt*0i:f K, RHlWI:Aof:|l;ii/^Hit 
yh£*L6 0 MS E LRARO^MWE*^!! p — T 

U^/Ufc-t^ h $tt5o WJWtt, feLMRASflW^ 
^E-y *T — h-7i/V6 0 0d>t>X"Cfc9 x RADHLD 
2{g^-ifl*>n-T Kl/X^-^ K^nA^^ h£*LX<fc 
DgV^^D^W^^fi/^tfRHltti*^ 
RH2|CiifTi-6o fcJ#PI:J:> t LMRAS«*3d5JE-e*> 
19, RADHLD 2ft-H-*S-fes, h Sii<C^4 btf, RH 

ff-rswctkscH i*tttjcBj»itfT"r6. ftiw^x 

^X«(iRHlWtvU-7 P t6. RH2ftllI 
fc^X, RADRRDYlit^^CADRRDYlStll 
P-ldir y b £*K MSELRAMMWE*jif|j[/N 
-YWSlcir y ^ti5 0 (H»ttRH2^t>CHlttBl: 

[0 0 6 1 ] CH 1 JRJBfclfc^T, RADRRDYflf 
tt, p-T Ku*»SEB*lfflj&s-&Lfca»ofc£ <b^m^ 
1-5fcfetCP-Xfo^ 0 CADRRDYlsfll ft^iC 

so Aofcfitfei^w Bp*>Jftti;:-fe y h^6 0 APX, C 
ADRRD Y{f -g-tt. tLICASTK^HM 
(! CAD SETUP 2) dSa«4BltaXtt»5&*li-fe 

-My hJilS. MSELRAffli, *7ATKU 
-X$>S 0 

[0 0 6 2] Mflptt* t) L-^ ^ !J ^7 — h"7 v'V 6 0 0 
40 g2ffl^-^S*aSft«*Xfc*ftfctfCH 1««^P,R 

a i ttiisuiitfrfa, wj»i*, ti^^y^f-Kv/ 

1\ a^fiypir yi^ttttJf->r ^/uAS^-^t y h-e* 

54?>tfCHlttlB^P>CH2ttlBlCitffi-6o CH2 
ft^iCid^X. RADRRDYS^CADRRDYfl^- 

\t£kt£T b-isxhWffi&T&vZx^te^zkzmTik 
n-icir y h^ix6 c MSELRAfg^fio 
-iciryh^^u, M W E * J i p — l^-fe y h £ i\X^ 
t»ff^j6^L*7AT Ku^^^^ixxi/N-sr t £l£ 
50 ^ti 0 fM«ltt, h-r^c 3ftffitcfc 
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RHi«ffii^iifTi-5o 

[0 0 6 3] ^ftitfc, ^!)7K^^7-h7->y6 70 
OOfi, DRAMf/<>f7tf3fcJ{)l:MWE *A#&39J 
fcflM&LT* 7Ki/-7^f^u^t6l0S:IB»t 
So ii*Dtt^, RADRRD Y&tfC ADRRDYBJ]^ 

**ftB*PfllcS<H*T>*y .a^ — 0 0 [cm 

[0 0 6 4] MDEP^^^y^-^^r- h-7^6 1 
4ttHl 2T*ttW$tt6 0 ^-h-rW6 14tt, V 

*9 8Rffi*f^ffll- I DLEtttt^^>RDJRtt^5tfTi- 
IfA/tnV 7 isyi/atft^ftbtfttl^ttfe UPC I /<* 
v^4€>tf, DCDttffifciifTi-*. $t**mtf»J»tt 

*U ^rt^s + Jt^iiOUi^y ^t 1 - h^>V#C 
3XttRN«H8i:fc»)\ ■J-'f K-C4<xf4 
fit*"?, ^33MHz/ot7f§Mf^X!iPCI 

[0 0 6 5] SMUtt* tlMDSETUP2ttf^f 

fi*U ^*y^f- hvi/y6 o o*sc 2Rfil:4< % 40 
3 3MH zMkff*s^n-tyS-ofc*0fc3i%SixS46tf, 

■CS"J«ttDCD«ffi^e>DS 2tt«^itfir-r-5. HHP 
ttU t)l/0t5/t2OO^33MHzT»^< 
MD S ETUP 2 ft 9 j§ t V * ]) <f - ? ttftB*|ffl 

DS 3^ffi^iitri-6o te<0±T©»-&X fc IH»ttDS 2 

Jb#»T-D S3««^f,DS 1 #fglCitfTl-6o 
[0 0 6 6] DH 1 ttflMUfc^T, MD V A L I D{§*§- 50 
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14, 1 Kir* h8P*>T1r- h ZtlX. *y J±7 Ku** 
h p - * y 7-^«4 W-S Lfc^ t ^rft 

^i~5 0 ^^u(i> ^^yiija^T-^v/yeoo^c 

»5i*ff^#«+-e«>64 6>tf. DH1««HDCD 

tttttamu -t5-e**ttbtfDH2tttt^aifi i -r6 0 

DH 2#fg|;i;fc^T, MDVAL I D«*tt, * y 

ftSo mdva l i Dfi-^coiiii, y-tr^h^^^yr 

I /<* 9 8^t>St^tt^n-fes/*^2 0 Ofrbftm^-Cft 
^tthtts DH2W^ I DLEttlftKliifTr*, ftfe 
OiT^i^tWfiDH 2 D C Dtfffil-jtfir 

t6o r<0«U:, ^lir-nf- 1 4 

f* s ^^yx-^^aa^K^Stu-C^SSFJi:. MD V 
AL I D{Btt** l J XT- h^>V6 0 OlC^f 

[0 0 6 7 ] 7 P Uft-v ! ^r-h-7'>y6O2(j:0 1 

ffri, A««A» 61**6. M«I|4MRASfi»*Sr^- 
hS*t4lM»fcAttlBlC«*6. MRAS«f*S7t- 
h$^fc^tctt N y *-*-^B»M#J&l**:lxfc 

^oy^ftl:»#UB, C, DXteEftlgo l olcit 

EttffitCittTi-e. MRAS<IW7t- hSftfc^B* 

5 0 *<>4tttttf«iaif4*«p*w«jBlcS*-5. 
»J»ttMRAS«tii77t- h Stl^H^ EW®7> 

«*ttW6U ^OgMRASfitM^-hS^t^y 
^*-^JBW#»* **"(?. «!JO«ttSr*fTL*6«)* 

(ORAs*«^wi:ty h sturdy ^^-^fflW 
60^+5^4^4 < ^ t> 1 o^^yu^^- y ^^^;u$rii 

u^yft-^^fc, «ot ^y^-v-^w 
mtTOf-^ ^/u^fjf^uxi>6^^o^^y /^v^ 

co^rix^i-ir ^/ h jfjit, ^ L^Jt^^lw^^ 6-y->f ^ 
[0 0 6 8] L**L4#fe, y ^ i^s/->*Mk#«t, 



#£L< liy ^u^^ir^/u^flSi yjjft-^ 

[0 0 6 9 ] Kt^&tfx-^fi, i2it£*i/cT 

(Cg^l^T I 2Mff?1j4 1 0&tf4 1 4 

^^xixlw JzoTff^J 4 1 o&tf 4 1 4-cor^ir 
^$:Mt6, S&T K^^tt, I 2Mff?lJ4 1 0 
^6^fICPCON^p ^/^ 4 0 0lCtfcj&£;M x PCO 
n/oj/^ 4 0 0#L l&tf L 2 * J: 

* 4 0 4fc:#M&£*L<5 0 RfflTK^^tt, 4 8 6^^ 
n^Dir y^m<D4m3 2 fc* y F^^yf^fTAy 

2 I Rffl* s ®**^-5l*^tt4^J*t^tt8 W<0 3 2 kf 5/ 
hS^jfiStU ICONyn^4 0 2 ^RttHfeff^ 
feor-^ *r^f!^l3: PCI/^98 i-ai^Jiw^^-T 
60 RttX*tta*f*. t&i$-rs^y #pc i ftwr K 

tt*ffl^)7-t^ 5 5 0SU ? PCON^Py^4 

^Ot y V<o^\c?4 Y'<vt txx—7i-Z><D% 
WF*-*-*, T-C* 55 0#PC I/<*9 8Rffl£aifir 
-r6rFRT$r^i"6B#l^fi, t^lMC O o * ^ 4 
0 4*sf»«S:«!.3li-5Ci:«r«»t6. rjxli, I 2Mff 
^J4 1 0S(f4 1 4*s^O«P«tf^»a*fftBlUi$tt 
fc«ICO*3§£LT, 7-^/<y77 2 1 2|:ttft^ 
6 I 2M7 f -^ff?lj4 1 4#S*$*Lfc*£<D:/n *;/ >7 
RW*t^SrfT*5fc«)l3:fflv><5r a 
S £ft6<, ^tl&t, I 2Mff^J4 1 O&tM 1 
£tiZ>m^ s Rffl»f^tt*6*o-C, B 1 4K?j*£*i<5 J: 
M2 [ xt- h-r^^tctoTISW^ii-S. XT 
-hvv^fi, y ir 5/ h«FlCAttffl"C*6*6. til 2 
MfT?l|4 1 4#gg-C, RttldSB*Stt. L2^r/a 
2 0 8^7yr>a LTl^-CV^ftlf^ftfetf, fflfflttBtt 

IBfcitfTl-*. ^ixttii*oRtt«»-c*>s. zti<Dft 

flUl, t)LL2^rt7y^ 2 0 8^77-r>a^6^ 

?)tf, 1 2MfT^u 1 4d«ar% RtBS**S*> 

*W«MPHU SHW{fcStu6'<#RHillft«r»oA«IBlc 
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[0 0 7 0] B f>«»tt 4 OOS4 5 ttlg O 1 O 

ICiifTl-6o WJ»tt, t>lM2 lABORTWgfi 

$nrpc i^x-7x^j5SRiu*^*±ufcr t*m 

5 5 0lcj:oTft**ix6*©ak^dspc I SSttJ-efcS 

r t £f§^ LSNPDONE fff^St P C O N y p ^/ 
^4 0 0^ U^<yU2 3rir y Rtf-fu ± y 2 0 0 CO 

6. W»tt, t>LM2 I ABORTlWTt-h^n 

IREQACKMiaotg^^, PCON^dj/ 
^4 0 0^J:orm^$^5J:5iw^jE$tufc: (SNP 

h i tm) si^^^-yt ^ hr*fr< , x^-^s 

|^PCON^Py^40 OICctoT^^^^tL^ J: 1 
l:STU^of:<ff)^ B«IB^fec«tt»c5ifTi" 
€>o r*t«u RfflUk^e^Sttrft^^ixfcdSx 

/^s^Jh^ftT I REQACK«tl:J:otS*^5 

[0 0 7 1 ] ftJ#Pte, fcL-^-f ^yu^4>±Stt64?>ff 
-e^TSttS/ifetfCRtt^feARlB^MoTitffi- 

tt«^e>AttfflicRoraiff-r6, w^n, 7^ 

^ASPC I MI:6otft5 J: 5*-, 7^ h/<^^S 
R*f±, t L*;ft*s + it$ti1\ PCIBWRl: 

[0 0 7 2] E«ffllC*5^"C, CLR I 2M«fli, 7< 
50 2MfT^J4 1 4 «f07-^J77 jy V* ^tLTJ^^L/^ 



31 

LRI2MDONElItli, :^)77 5/^^Tlfc 
ff^-CLR I 2MDONEBn^ff^JHfi : ^ y Tfg^K 

[0 0 7 3] ««Pf*. t> L*tltf*±£fr-rxZ-7V 

fctfScVMifcU I REQACKfgfl:J:ot^$tl6J; 

[0 0 7 4] -£*Li&, M2 Uf - h^i'VJi, 
7 2 1 2|CiBS$tbfe I 2MfT^J4 14$:ffi^T^!j 

T—fn, ft&i 4 i 4 ^ifcQ^^x-^ t>* y r£;fx, 

*<0«**-7 p ««Rtf7'- 5 5 0 d*iSfT-C# 5Wf 

[0 0 7 5] ±i5&B $ttS J: 5 fc % #*L^SMfc«<0 
Rtttt, PC I Rffl*mSHfr&*Stt Stifcftfcjfc 
R**fts*fT4 5. HkfPfi, Kfcm^zmvmftirZ. 

ICON7 r P5/^ 4 0 2ft P C I 9 8 d*t>> * V 
Rffl^fiU-'f ^£g{§ U I 2MfT^i4 1 4 |CS#* S 

ON7 r Py^4 0 4C{li^t6 o MCON/n 7 ^40 
4lili<7)J:3(:ML-C, *l*«i::M 2 I 

U*WhM2 I NAff-*§-£ 4 0 2 Ulfttr 

4 14CMtSo ICON^n^ 4 0 2lt !i 
Rffl#fiA^^»±LTl^i ^Sriffl?). M2 I NAfi 
*#3Ht4*U I 2MfTJli4 1 4 + 5/ 

is* 7 4 y^flf6 C 6Hl:^07 Ku-*T* 

ttOM2 I Rffl1J--r*/U«#S:fcb1\ ICONyn^ 
4 0 2 t)MCONynj/^ 4 0 4 ^b»«^T«*S:S 
<ILT, PCWU9 8l:r-^Wt^ MCON 
7* 4 0 4I1M2 I imt^ ^/^^SjgLt, 

CON^o^ 4 0 2&WMUm&#mz. I 2MtTJlJ4 

I4d^i7-^^te6tifi;^»i;$)5c ^o&m 

CON/d s/£ 4 0 4ttRtiJ5**:^a«)-C. ftkOM 2 I 
NA{f^£fcfc|-f 0 ^(?)iMCON/p^^ 4 0 4H, I 
2MfT?IJ4 1 4iIf f -^^^j^i-6o ICON^d.^ 
4 0 211, :^M2 I NAfg^££{f LT, * 
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'^7^ ^^§m-T5^^IC I 2 MfT^J 4 1 4|w^|ffi-C 

# 6 * ^ - x ri* h Z t *X o £ t> 6 tz_ $> I z n 31 ^ 
5 0 lCONyo y ^ 4 0 2^PCl/<^9 8|:+M 

tfl^WMCON^D^ 4 0 4l:«^tl^ 

[0 0 7 6 ] «t>±»-&|i. (*«+<BjfcR*Sfls£-e#6 

-yi-6^T-||^c7) l ot$?6, ^ittt, MEMSM6 
00, MADRSM6 0 8, M D C D S M 6 1 4 R&M 

2 I h^>y(0S^t*I»t6i ttfx-£Z> 0 - 
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1 .Title cf I ouli t i on 

EASILY PROGRAMMABLE MEMORY CONTROLLED WHICH CAN ACCESS DIFFERENT 
SPEED MEMORY DEVICES ON DIFFERENT CYCLES 

2 - Claims 

1. A dynamic raodora access memory cootroller forose with a 
plurality of dynamic random access memories controller receiving 
addresses and cycle timing information from a bos, the dynamic random 
access memory controller comprising: 

means far determining which bank of dynamic random access memories 
is to be accessed for a received address; 

means for indicating a dynamic random access memory type for each 

bank; 

means for storing a plnratity of dynamic random access raemorj 
timing parameters fnr portions of dynamic random access raemorj cycles 
for each dynamic random access memory type; 

means for determining the plirality of dynamic random access 
memory timing parameters applicable to said received address based on 
the bank determination and the dynamic random access memory tjpe 
indication for tbe determined bank; and 

means receiring the determined plurality of dynamic raodem access 
memory timing parameters, the determined bank and the address for 
providing row and column addresses and address strobes to the dynamic 
random access memories according to the determined plurality of dyoamic 
random access memory timing parameters for that particular bank. 

2. The dynamic random access memory controllerof claim 1, wherein 
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tbc dynamic raodom access memory cootrolicr further receives a clock 
signal and wherein said means (or providing row and column addresses aod 
address stiobes operate; s ync b r o ooo s I y based on the received clock 
signal. 

3. The dynamic random acces? memo rp control lei o( claim I, wherein 
Said means for providing row and column addresses and address strobes 

p i o r ides the row address strobe lo the banks of dynamic random access 
memories other than the determined bank at a negated level. 

4. The dynamic raodom access memory controller ol claim 1, wherein 
the dynamic raodom access memories are page mode devices and wherein 

said means for providing jot and column addresses aod address strobes 
includes a page bit detector aod provides the row and column addresses 
and address strobes in page mode if apage bit is detected. 

5. The dynamic random access memory controller of claim I, lurther 
comprising: 

means for indicating the address range assigned to each bank of 
dynamic random access memories. 

6. The dynamic random access memory controller of claim I, wherein 
said plural i t j ol dynamic random access memory timiog parameters 

ioclndc the row address bold time from the row address strobe, the 
column address setup time to the column address strobe, the row address 
setup time tc the row address strobe and the column address strcbe 
width. 

1. The dynamic random access memory controller of claim 6, wherein 
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said column address tine setap parameter includes separate parameters 
for read a b d write oper at i 6ns . 

8. A corapoter system, comprising: 

a plurality cf dynamic random access, nemo r t e s arranged io a 
plurality cf banks; 

a prccessor providing memory addresses and cycle timing 
i rjf crmat loo ; 

a bos from transferring said processor ncmcry address and cycle 
t i m i q g i o f o tma t i on ; 

a dynamic random access memory controller receiving address aod 
cycle timing information from said bus, said dynamic random access 
memory control let including: 

means for determining which bank of dynamic random access 
memories is to be accessed ior areceived address; 

means for indicating a dynamic ran doc access memory type fox 

each bank; 

means for storing a plurality ol dyoimie random access 
memory timing parameters for portions of dynamic random access menury 
cycles for each dynamic raodom access memory type; 

means for determining the ploraiity of dynamic random access 
memory timing parameters applicable to said received address based on 
tbe bank determination and tbe dynamic random access memory type 
indication for the determined bank; aod 

meaos receiving tbe determined pltrality cf dynamic random 
access memory timing parameters, the determined bank and the address f c i 

providing row and column addresses and address strobes to the dyoamic 
random access memories according to the determined ploraiity of dynamic 
random access memory timing parameters for that particular bank. 



#08¥8 - 2 2 7 3 7 7 



9. The computer system of claim 8, f o r t h e i comprising: 
means lor providing a clock signal, aod 

ffhcrciB said droamic random access memory c o n t r c 1 1 e r farther 
receives said clock signal and wherein said dynamic random access memory 

controller means (or providing row and coiomo addresses and address 
strobes operates svochrononsly based on the received clock signal. 

10. The computer system of claim S, wherein said dyoamic random 
access memory controller mans for providing rov aod col iron addresses 
and address strobes provides the row address strobe tc the banks of 
dynamic random access ncmoiics other thin the determined bank at a 
negated Itvel. 

11. The competer system of claim 8, wherein the dyoarjic random 
access memories are page mode deviccsand wherein said dynamic random 
access memory controller mcaos for providing row aod CGhmo addresses 
and address strobes includes a page hit detector and provides the row 
and coin mo addresses and address strobes in page mode if a page hit is 
delected . 

12. The comprjter systcu of claim 8, wherein said dynamic random 
access menory controller farther includes: 

neaos for indicating the address range assigned to each bank of 
dynamic random access ncmoiics. 

13. The compater system of claim 8, wherein said plurality of 
dynamic random access uemory timing parameters inclodc the row address 
hold time from t la e row address strobe, the column address setup time to 
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the colunn address strobe, (he re* address setnp tine to the ro* address 
stiebe and the cclimn address strobe width. 

14. The conputer system cf claim 13. therein said column address 
time setup parameter tnchdes separate parameters lor read and write 
operatioos. 

3 .Detailed Eiplaoaticn of the L o ? c □ t i o n 

The invention relates to memory controllers itiliied in computer 
systems, lod more particularly to a mencry controller which eao operate 
with d i f fe rent speed memory devices in separate banks and additionally 
w i t fa different speed microprocessors. 

Compiter systems are becoming ever core powerfulby the day. Users 
are reqiiring more capabilities tomo eTer mere complicated and 
sophisticated applications and computer system roanofac torers 
areresponding. Computer speeds lave dramatically increased over the last 

ouober of years so that now desktop and file server computers can 
readily oitpcr form ma ioframe computers of 10-15 years ago. But the quest 

for farther performance is never ending. To this end, the 
microprocessor ma a i f a c t rj r e r s have be end e v e I op i ng ever faster 
microprocessors . 

However, i computer system is far more than just amicr oproccs sor . 
There are many other subsystems thatmnst cooperate with the 
microprocessor to provide a complete computer system, ft is desirable to 

optimise as many of these subsystems as possible and yet take irjto 
account cost and sjsten flexibility to satisfy varied oser desires. 

Two of the sabsyslems which have act maintained pace with the 
development of microprocessor are tbc main memory systems aod the 
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i a p a t/o b t p o t buses. Ma i omemo r y system s be r t c omi ngs 1)3 t e been much 
alleviated by the use of cache memory systems, bat in the end all idcido f r 

operations must ultimately come fiom the ma i omeroo r y , so that its 
performance is -still a ley piece id tie overall performance of the 
corapiter system. Manyadv80ced memory architectures and techniques have 
developed over the years. One of the most c ommon t e ch n i que s is the use of 

paged mode memory devices or DRAils, where the actual memory address 
location viloe is divided into rows aod columns, and if the mwaddress, 
i.e.. the page, is the Same for the sobseqoent operation, caly column 
addresses Deed to be provided to the DRAM. Although there is a certain 
amount of overhead required, it easily pays for itself by the improved 
perforraaoce gained during i page bit. So basic page mode operation 
provides a major pcif o rraance i n c r ease , b a t more performance is always 
desired. 

One further performance increase relates to ao imp ro Yemen t for 
determines the level of the rowaddress strobe cr RAS ♦ signal when the 
memory system is idle. As is well koowo. the RAS» signal must be negated 

or set bi&b to allow a new page or row addiessto be provided a ad there 
is also a precharge time requirement. Thas, there is a performance 
penalty iftbe R AS * signal is raised when the next operation isactnally a 

page hit. Similarly, there is a delay if the XAS * signal is kept low 
and the operation is a page miss, as the full precharge time most also 
be eipendeda f t e r the cycle has beco issued. To address thiseoocern. 
varioos techniques have beeo developed topredict whether the RAS • signal 

shoold be kept low nr should be returned high to indicate i new page 
cycle. The prediction can he dune several ways, as indicated io Serial 
No. 08/034,104 filed March 22, 19 9 3, entitled "Memory Controller That 
Dynamically Predicts Page Misses/ Io that application several 
techoiqoes are used. A first, simple technique bases the predictioooo 
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the type u! the last cycle performed by t bepr oce s so r , with the choice 
always filed. A seccnd.mor c sophisticated tecboique samples the hits and 
misses for each cycle type iod then sets the RA S * level based od this 
adaptive suasnreraco t . Bit (he t e c ho i que s ha *e been based on the ise ol 
tht processor cycles aodbavc not 'based themselves 00* the I/O bas cycles. 
Therefore, I/O bos master operations still perfemed at lesser levels. 

One high performance I/O bus is the PCI o/Peripheial Corapooent 
Intercconect bus developed bylotel Corp. and accepted bj many computer 
manofactorers . PCI is a high performance bas aodallows numerous bos 
masters to be preseot. The bosmasters are essentially local processors 
which per f ormspeci f ic duties, not general processing duties. Byhaving 
these bus masters, the caia processor is able to off toad various 
specialized processing tasis, su thatmorc tasks caa be performed in 
parallel, the Jeby increasing the performance of the computer system. This 
is but one example of hew parallelism is beiog iscd in curreot computer 
systems . 

It is desirable to have as many operations nnoingin parallel 0/ 
concurrently as possible to al 1 owincrcascd overall performance. One ivay 
this concorreatoperatiou has been done in Ibe past is by the use of 
write posting, where a single cycle from the processors latched into a 
posting buffer and ready is retnrnedto the processor prior to tie write 
cycle actual lybeing completed to the memory or I/O device. Tbeeotiie 
data and address values are posted io a latchaod thco the cycle execoted 

on the target bus whenpossible. However, write posting bas been kept at 

a very simple level, soch as one level per bus, because of 
complications iu memory coherency and cycle ordering which result if 
deeper posting were to be pertomed. Therefore, it can be seen that there 

are numerous gains that could he obtained if one were able to write 
post more than a single operation to a given bos, if the complications 
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could be simply solved. 

The PCI bus provides opportuoities tc increased era 1 1 s j s t c m 
perlormaoce, particularly that ol theraenory system, (be of the read 
cpeialioas defined lor the PCI bos is what is termed as a Memcrr Read 
Multiple cycle, which is osed t o -i*a d i c a te». i desire to read a ouEber cf 
cache or memory lioes, not jost a singlelioe. As noted in the PCI bos 
cycle deMoitioo, thiscycle decoding provides an opportunity (or the 
memory controller to start doing read abeads or pipelioiog sothat the 
data can be oblaioed prior tc actually being reqiired on the PCI bis. 
With this data then obtained, the memory controller can allow access by 
the processor, thus further increasiog overall system concorrcncy. 
However, it is also common lor PCI bus masters to abort cycles prior to 
their completion, aodif such ao aborted cycle were to occur shortly 
after aMcmory Read Multiple cycle has commenced, then a read ahead 
operation would have been started a o d woild c o nv t o t i o a a 1 1 y complete, 
only to have the data then immediately discarded. This would redice 
ove/al Isystcm performance because of the wasted operations needed to 
start, and complete the fell read ahe adope ra t i o a . Therefore, it would be 
desirable to reduce the wasted time wbeo doing read abeads during Memory 
Read Multiple cycles when the cycle is aborted early by the bns master 
od the PCI bus . 

Further, pcrsooal computer systems are becoming mass marfcet 
products, and therefore need lo be very flexible tc meet the widely 
varying particular goals of users. Fcr example, some isers may desire 
tbe uitimateio perfornance with little regard for cost, whereas other 
users may be significantly mere cost sensitive. One area where cost 
directly impacts performance is iothc speed of tbe memory devices ased 
io the ma i nroemo r y , Another area of impact is the ccooomies ofscaie which 
could be obtained by using a single memo r ycoo tr o I ler chip for naoy 
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different microprocessor configurations aod speeds. But using a single 
nenorycontrol ler usually involves pet f oroaocc tradeoffs. Tbcmcmc r y 
controller as disclosed in U.S. Pateot No. 5,333.293 addressed the 
multiple speed processor point, bat coald use only a single speed of 
memory devices.thns limiting user options aod performance tradcofls. In 
another memory controller as disclosed in Serial Nc. 0 S/0 3 4 ,2 90 filed 
March 22 ; 1993, the memo r j c ont rcl 1 ercao handle different speed memory 
devices on j bank by-bank oi modn le-by-ricdul e basis, and yet allows 
optimaltimiog for each particular memory device. However, Ibis memory 
controller was designed to be used with i single processor operating at 
i Single speed, t bo s p r o v i d i n g n s< r flexibility bat not economy of scale, 
ft would be more desirable to allow numerous types andspceds cf 
processors to be utilized with a single memory controller, and yet allow 
ose of numerous typesand speeds cf memory devices without reiiiiriog 
greatcoraplexity. 

A computer system according to the pre sent i ovent ion has a memory 
controller that provides numerous performance increases, particularly in 

the PCI ba s environment, and can readily wort with onmcrous types and 
speeds of processors aod different speedmemcry devices. 

The memory controller provides a series of queues between the 
processor and the PCI bis aod the memo r ys y s I era to allow deep write 
posting. In the pr e f e r r e d erab od ime a t , four quadword addresses cao be 
posted fromtte processor and eight qrudword addresses from the PCI bus 
for write opentions. Memory coherency is maintained io two different 
ways. Before any read operations are accepted from the PCI bus, both of 
the posting queues must be empty. Io this way, ail writes are completed 
prior to the read occurring, so that taemain memory is coherent for the 
read operation from the PCI bus. However, more performance is desired 
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from tbeproces s o r , and therefore lo maintain coherency aconient 
addressable memory (CAM) is itiliied as the PC I tc memory queae. Wbeo 
the processor performs a read request, the CAM is checked to determine 
if one of thepeod iog write operations in the PCI to memory qieue istc 
the same address as tint read operation s,f the processor. If so, the 
read operation is oot executedunt i I the PCI memory queue has cleared tha 
t entry. If no address bit occurs, the read operation is accepted and 
executed according to arbitration priority roles. Again, in this manner, 

the main memory is c o he r e o t p r i o r to the read operation occurring. It is 

ootedthat allowing two write operatioos to the same addressto he 
Present in tbe two qacaes is oot a problem aoddoes not produce 
inccbeient results, as the eiact timing between the bases woild ncfcr be 

clear in a ay e veot . 

Id the preferred embodiment the PCI bos capabilityof read ahead 
operations when a Memory Read rMu 1 1 iplehas beeo requested is present. 
This allows the memory system lo obtain data at a high rate and leave it 

posted for reading by the PC I bus master when indicated by tbe 
particolar cycle- However, as noted in the background, it is possible 
that the PCI bis mastcrwoold abort the cycle prior to its completion. To 

resuhe this problem, a memory controller according totbe preferred 
embodiment receives an abort signal (romtbe PCI bos interface and is 
soon thereafter as can bedoat, while maintaining MAM data integrity, 
terminates the read ahead cycle, even thoigh the read ahead cyclehas not 

fully completed. Tbos, tbe read ahead cycle isabcrted as scon as 
possible. Therefore, tbe full read ahead docs o c l occor, so that tbe 
ntsation of an abort occarrjog daring a read ahead operation does not 
overly binder performance as would normally be the case. 

To farther improve the system, the memory controller of tbe 
preferred embodiment has improved prediction rales for determining when 
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to p i c c b a f gc theDRAM deiices. The predicticn rules arc based on vbttber 
the cycle is coming from the processor or iscoraiog from tbe PCI bus. By 
using these new rales, more efficient precbargiog is done, a d d 
additionally, more page mode cycles ran be performed than otherwise 
would have beeo dose according, to tbe fyicr art. 

Finally, tbe mcraory control I e r of preferred embodiment is highly 
p r o g r a torn able lor multiple speeds and types of processors and several 
speeds ol memorydei ices , and yet can he simply programmed. Tbe memory 
controller includes a plurality of registers that specify the number of 
clock periods for the particalarport ions of a conventional DRAM cycle, 
such as tfaeaddrcss set op aod bold times, CAS* signal pulse width, the 
precharge time and the data set up time. Th e se i eg i s t cr s are tbos 
consistent with tbe oormal t imi ogcooce r n s and parameters cf DRAM 
devices, so that thedesigner need only knew the particular processor 
type and clock speed and memory device speed and thco I he r eg i s t er s can 
be properly and simply programmed from asroal! matrix or table. Complex 
operations aod alternatives are not necessary aod the clock period 
values can be easily determined. By the ose of thesiogle memory 
controller for multiple processor oftypes and speeds aod plural speeds, 
the economics of scale cao now be obtained by increasing manufacturing 
voliraes while still allowing user flexibility. 

The following disclosures are hereby incorporated by reference: 

U.S. application Serial No. 08/3 2 4,016, e n t i 1 1 cd 3 S i ng 1 e Bank, 
Multiple Way Cache Memory, " by Alan L. Goodrom, Jens K. Ramsey, aod 
Michael ]. Collins, filedOctober 14, 1994; 

U.S. Application Serial No. 08/324,246, e n t i t 1 td' Memo r y Controller 
With Write Posting Queries forProcessor and I/O Bus Operations and 
Ordering Logic for Controlling the Queoes." by Michael J. Collins, Caiy 
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W. Thome, Michael Mo i Larry, jeo< K. Ramsey, and John E.Larscn, tiled 
October II, 1994; 

U.S. Application Serial No. 08/323,263, est i t I ed* Da t a Error 
Detection aod Correction Sjsttn," byWilliam J. Walker and Alan L. 
Goodruin, filed OctcberH 1994/* 

U.S. Application Serial No. 0 8/3 2 4 , 0 20 f e a t i 1 1 e d° C i r e o i t f c r 
Invalidating Portions of a Cache Memory if a Write Decors to a Write 
Protected Area of MaioMemory" by Jens K. Ramsey, filed October 14 t 1994 

U.S. Application Serial No. 68/323, 110, entitled "Circiit for 
Placing a Cache Memory lotc Low Power Mode i a Response to Special Bos 
Cycles/ by Jens K. Ramsey, aod Jeffrey C Stereos, filed October 14, 
1994; and 

U.S. Applicatioo Serial No. 08/3 2 4,0 1 1 , eat i t led 0 System for 
Arbitrating Access to Memory" by John E. Larson, Michael Moriarty, 
Michael J. Collins aod Gary W. Thome, filed October 14, 1994; all of 
which aicassigocd to the assignee of this invention. 

Referring new to Figure 1. the system board S of acompoter systeti 
according to the present invention is shown, in the preferred 
embod iucot , the system boards contain circiitry and slot! for receiving 
interchangeable circnit beards, in the pre f e r r edembod imeo t , there are 
t?o primary buses located on thesystem board S, The first bos is the P( 
or Per ipher a ICompooeot Interconnect bus 98 which i nc 1 ode sadd r es s/da t a 
portion 100, control a q d byte enable portion 102 and control signal 
portion 104. The £ ecoodpr ima ry bos oo the system board S is the EISA bi 
E.The EISA bus E includes LA address porl ioo 106, SAaddress portion 
108, SD data portion 110 and EISA/ISA control signal portion 112. The 
PCI and EISA bises Pand i form the backbones of the system board S. 

A CPU connector 114 is connected to the PCI bos 9 6 1 o recede 
interchangeable processor cards, such as the one shown in figirc 2. A 
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PCI graphic? count c tor 116 is connected tc the PCI bos 9 8 to receive a 
video graphics card as shown io Figure 3. A PCI option coooector 118 is 
also connected to the PCI bos 9 8 to receive any add i t ion a 1 cards designed 
accord Log to the PClstandard. In additico, a SCSI and network interface 
(NIC) coolroller 120 is connected to t'fte PCI bus 98 . Preferably the 
controller 120 is a single i utegra ledc i rcoi t tod includes the 
capabilities necessary to ictas a PCI bos master and slate and the 
circuitry to aclas a SCSI controller and an Ethernet interface. A SCSI 
connectui 122 is connected to the controller 120 to allow connection of 
various SCSI dences, such as harddisk drives and CD-ROM drives. An 
Ethernet connector 124 is provided on the system board S aod is 
cooneetedtc filter aod transformer circuitry 126, which iu turnis 
connected to the controller 120. This forms aoetwork oi Ethernet 
connection (or connecting the system beards aod computer to a local area 
oelwork(LAN) . 

A PCI-EISA bridge 130 is provided to ten re r 1 3 i gm 1 s between the 
PCI bus 98 and the EISA bus E . ThePCI-RISA bridge 130 includes the 
necessary address anddata buffers and latches, arbitration sod bus 
mastercontro I logic for the PCI bus, EISA arbitration circuitry, an EISA 

bos controller as conventionally used in EISA systems and a DMA 
controller. Preferably the PCI-EISA bridge 130 is a single integrated 
circuit', but otber combinations are possible. A mi see 1 1 aneoussyst em 
logic chip 132 is connected to the EISA bos E. The ni s ce 1 1 aoeo u s system 
logic chip 132 contains adigitai audio interface, cuioters aod linen as 

conventionally pieseot io personal computer systems, an ioterrupt 
controller for both the PCI and EISA buses Pand E and pewer management 
logic, as well as ot he rmi see 1 1 ancous circuitry. A series of four EISA 
slots 134 are connected to the EISA bus E to receive ISA andElSA adapter 

cards. A combination I/O cbip 136 is connected to the EISA bus E. The 
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combination I/O chip 136 preferably includes a floppy disk controller, 
rcaltine clock (RTC)/CMOS memory, Uc UAKTs , a parallel p o 1 1 and tarioas 

address decode logic. A floppy diskcaanectcr 158 lor receiving a cable 
to a floppy diskdrive is connected tn the combination l/O chip 13$. A 
pair of serial port connectors are also connected Utbe combination i/0 
chip 136. as is a parallel port connector 142. A buffer 144 is connected 

to both theEISA bis £ aod the combination I/O chip 136 to act as a 
boiler between the EISA bus E and a hard disk drive connector 146 to 
allow connection of ao IDE-type hard disk drive. A noo-vulatile random 
access memory (NYRAM) 148 is coooected to the EISA bos £ and receives 
its control signals froo the combination I/O chip 136. Ao address latch 
15D is connected to the EISA bns E and controlled by the combination I/O 

chip 136 to provide additional addressing capability fci the NYRAM 148. 

Preferably the NVRAM 148 is used tc contain certain system information. 

A data bnffer 152 is coooected tc the SD portion of the EISA bis E to 
provide an additional data bus XD for various additional components of 
the computer system. The NVRAM 148 is connected to the XD data bus to 
receive its data bits. A Hash ROM 154 receives its control aod address 
signals from the EISA bns E and is connected to the XDbus for data 
transfer. Preferably the flash ROM 154 contains the BIOS information for 

the conputcr system and can be reprogr ammed to allow for revisits o! 
the BIOS'. An 87 4 2 or keyboard controller 156 is connected to the XD bns 
and EISA address aod cootrol portions 108 and 112. The keyboard 
controller 156 is of conventional design and is coooected in torn to a 
keyboard connector 158 aod 8 mouse or pointing device connector 160. 

The computer system of the preferred embodiment also inclodes 
audio capabilities. To this end a CODEC chip 162 is coooected tc the 
mi see I I ane oos system logic chip 132 aod to ao analog amplifier and mixer 

chip 164. An FM synthesizer chip 166 is coooected to the analog 
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amplifier aod mixer 164 and receives digital iofcr ma iion f x cm tbe XD bos. 

The FM syothcsiier 166 isalso connected to the centre! and data 
portions 110 aod 112 cf the EISA bo< £ aod is cootrclled by the 
miscellaneous s y $ t era logic chip 132. Ao aadio connector 168 is provided 
tc allow external audio connections to tbe computer and is connected tc 
tbc outputs aod iopots of the analog amplifier and m i i c r f 5 4 . 

deferring now tc Figure 2, the processor board Pis shown. In the 
processor board P of Figure 2, the CPU or processor 2110 can be any of a 
plurality of processors, sac h as the 486DX/33. 486DX2/66, 4 86DX4/50-100, 
. 486DX4/33-100, 486DX4/33-83 , P2*T, Pentiara 50/75 , Pe n t i urn fid/90, and 
Pentium 66/l00 f aid other sirailaraod compatible processors. The 
processor 200 provides data, address aod control portions 202, 204 and 2 
0$ to form a processor bos PR. A level 2 (L2) cr external cache memory 
system 208 is connected to the processor bus PB tc providt additional 
caching capabilities toiraprove performance of tbe compoter system, tbe 
L2 cache 208 can be organised as a 128 kbyte direct mapped cache or 256 
kbyte two-way set associative cache when used with 486 family processor 
and as a 256 or 512 kbyte direct mapped or two-vav set associative cache 

when used with Pentium family processors. A cache aod memory controller 

(CMC) aod PCI bridge chip 210, is connected to the control portion 206 
and to the address portion 204. The CMC 210 is conaected to the L2 cache 

208 as' it incorporates the cache controller aod therefore controls tbc 
operations of the cache memory devices in tbc L2 cache 208. The CMC 210 
is al socoooected to control a scries of address aod data baffers 212. 
The data buffers 212 are utilised tc handle memory data to a main memory 

array 214. Fbcdata boffers 212 are connected to the processor 
dataportioo 202 and receive control signals from the CMC210. Tbe data 
buffers 212 provide a memory address bus216 aod a memory data bus 218 to 

tbe memory array 214. A memory control signal bos 22 0 and memory address 
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bss216 is provided from the CMC 210. Clock d i s t i i bo t i c o a od general inn 
circuitry 222 is associated with the processor card H and is connected 
to the CMC 210. A processor connector 224. sacb as a card edge, 
isproiidcd to be roiteably received by the processor coonecior IN. The 
processor connector 22 4 is connected to Mi e CMC 2 10,. t be data bolters 21 
2 aid thechek distribution circuitry 222 to provide clocks to the 
computer system and to provide a PCI interface to allow the processor 20 
0 to access the PCI and EISAboscs P aod E aod to allow PCi aod EISA bos 
casters toaccess the main nemo r y array 214. 

Referring new to Figure 3, an exemplary video graphics adapter is 
shown. A video graphics coalrc I Lcr30O is connected to a PCI graphics 
connector 316, which is matcably received in the graphics connector 116. 

A ROM 302 is connected to the graphics connector 316 aodreceives 
control signals from the video graph icscoat rol ler 300. Video memory 304 
is osed to store the graphics data and is connected to the video 
graphics controller 300 and a digital/analog converter (DAC) 306. The 
video graphics controller 300 controls the operation of the video memory 

304, allowing data to bc*rittco and retrieved as required. A video 
connector 308 is connected to the DAC 306. A monitor (not shown) is 
connected tu the video connector 308. 

It is noted that the above description of a computer system is 
provided for completeness andaumerons variations could be developed as 
apparent to those skilled in the art. 

Referring now to Figure 4, a block diagram of the memory 
controller 210 is shown. There are three maincootrol blocks "id the 
memory controller 210 and three primary address transfer queues. The 
three pr i ma r ycoo t r o t blocks are the processor cootrol or PCON block 400, 

the PC I control cr ICON block 4 02, and the memory cootrol or MCON block 

404. The PCON block 400 providesthe interface to the processor bos PB, 
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particularly tbe processor address bus 204 aod the processor cootrcl bus 
2 0 6 . Additionally, tbe PCON block 4 0 0 is connected to tbe L2 data cache 
208 and provides tbe occcssarycootrol signals. The L2 cache controller 
is contained in the PCON block 400. Id addition, the PCON 400 provides 
signals to control tbe data buffers 212V The ICON block 402 provides 
data buffer control signals tothe data buffer 212 and in addition 
interfaces to the PCI bus 98, particularly, tbe cootrol aod address 
porticos. The NCON block 404 is the memory device control pcrtioo aod is 
connected to the memory addressbus 216 aod the memory cootrol bos 220, 
and additionally provides signals tc control tbe data buffers 212. Each 
of tbe particular control blocks 400, 402 and 404 control different 
portions of the data buffers 212 as will be illustrated. 

The memory controller 210 aod data buffer 212 are effectively 
orgaiited as a triangle or delta so thatdata transfer cao occur between 
tbe processor bus PBand tbe PCI bus 98, between the processor bus PB and 
the (Denary bis, and between tbe PCI bus 98 and themeraory bns. To this 
end the PCON block 400 is connected directly to the ICON block 402 to 
proride read addresses for read operations by the processor 200 to tbe 
PCI bos 98. The write addresses are provided from the PCON 40D to a P2I 
queue 405. Preferably, tbe P2I queue is four operations deep, so thit 
four write operations can be posted to the queue aod thus be pending at 
one time. It is noted that in the case of a 64 bit Pentium 
nicrcpiocesscr 200, this woald translate to 8, 32 bit PCI bus 98 
operations. The output cf tbe P21 queue 406 is provided to tbe ICON 
block 402 toprcvide an address stream. In similar fashion, Ibereid 
tddress information and address bank information is provided from the 
PCON block 400 to the HCON block 404 for processor reads from the main 
memory 214. The write addresses and bank information are provided 
froratbe PCON block 400 to a P2M queue 408, which is again also 
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preferably four quadword addresses deep, so that four write opera I icos 
from the processor 200 can be posted to the memcry array 214 if a 
Pentium processor and eight operations if a 4R6-based processor. The 
output of the P2M queue 40S is provided tc the MCON block 404. 

The ICON block 4 0 2 is connected to'Mhe MCON block 4 0 4 to provide 
read addresses and memory bank information for read operations from the 
PCI bos 98 tothe memcry 214. Id additioo, the write addressioformation 
and bank information is provided from the ICON block 402 to an I2M queue 
410. Preferably, the 12M queue 410 is capable of posting eight quadword 
addresses to provide relatively deep posting from the PCI bus 98 to the 
memory 214. The output of the I2M queue 410 is connected to the MCON 
block 404. An SMAP or system map block 412 is connected to the control 
block 400, 402 and 404 to provide various signals asnecessary. 

In addition, a signal referred to as M2 1 ABORT isprovided from the 
ICON block 4 0 2 to the MCON block 4 0 4 1 o allow the MCON block 4 0 4 to 
determine when a Memory Read Multiple operation has been aborted by the 
PCI bos master, as well as for other PCI abort operations. Forthis 
discussion, only the Memory Read Multiple case isof interest and the 
other cases will not be d i scussed .The MCON block 404 provides a snoop 
request or .SNPREQ signal, the M2I read address that is the address 
formemory to PCI read operations and the I2M write address to the PCON 
block 400. This allows the PCON block 400 to perform snoop operations 
with the L2 cache controller and to provide the operation to 
theprocessor 200 so that the Ll cache controller insidethe processor 200 
can also perform a snjop operatioo. Soooping of read addresses as well 
as write addresses is necessary because the ll cache controller, and the 
Ll cacbe controller in the processor 200 in certain cases, are 
preferably orgaoiied as writeback c a c he c on t r o 1 1 e r s , and therefore, snoop 
operations ma S I occur on reads tc maintain memory coherency. The PCON 
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block 400 provides the SNPDONE a a d SNPHITM or s oc op done aod snoop bit tc 
modified signals tc tbe MCON block 404 toallov the MCON block 404 to 
proceed with tie read orvrite operations or retry a read operation if 
appropr iate. 

Referring now to Figure S.jrjore details of t h e d a t a b a f fere 212 are 
Shown. It can be noted that Lhedata buffers 212 also contain qoeoes 
ill, 413 and 414 similar to those in tbe memory controller 210 so that 
addresses are tracked io tbe memory controller 2l0wbile the data is 
maintained aod transferred thronghthe data biffers 212. The memory 
controller 210 isorgioiied to control the data boffc/s 212 socb that the 

particular control blocks 4 0 0 , 4 0 2 and 4 0 4 cootroltheir respect ire 
port ions of tbe data buffers 212. Foreiample, the PCON block 400 
controls the latching cfdata from the processor data bus into the 
v a i ions registers and tbe output enable or driving of the datafrom the 
memory onto tbe processor data bos 202. Similarly, the ICON block 402 
handles latching of dataioto the micas registers from the PC! bus 98 
and Ueoutput eaables of the data to the PCI bus 98. The MCONblock 404 
baadlcs the operation of shifting datatbroogh the various queues 411, 41 
3 aod 414, drivingdata from the queues 411, 413, 414 to tbe actoai 
memory devices and latching data as required from the memory devices 
into either the I2M naeie 414 cr to registers as provided to the 
processor data bus 202 aod the PCI bus 98. It is noted that the 
processor to memory aodprocessor to PCI queues Ul and 413 are 
an i d i rec t i ooa 1 i n the data buffers 212 but tbe PCI to memory queue 114 is 
operated b i d i r ec t i on a 1 1 y , that it is used for bath write data aod tbe 
read ahead data. Operation vrill be clearer according to the description 
be low. 

Ooe of the features of the memory ccotroller 210of the preferred 
embodiment is that it allows great flexibility io tbe ose of various 
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speed microprocessors and varioos speed DRAM devices io the memory amy 
214. Indeed, it allows tbe memory devices to v a r f from baokio bank, the 
tna i Q memory array 214 prelerably being formed of eight banks or 
modules. The memory controller 210 of the preferred embodiment allows 
three differeot memory speeds to be utilized, with each bankbeiog 
designated as one cf tbe particular speeds. Each particular memory speed 

then has a series of pa r ame t e r s r e 1 a t i ng to timing values as commonly 
otiliicd in DRAM specifications. For each particular memory speed, a 
value to indicate tbe row address hold time fion RAS* is provided, tbe 
colonic address set op times to tbe CAS' strobe for both reads aod writes 

are provided, the row address set up time to the RAS* signal i< 
provided, as is the memory data set op time to the CAS* strobeand the 
pulse width cl tbe CAS* strobe. Id addition, tbe RAS precharge time is 
provided fci each memory* peed . An indication of when tbe cycle ready 
signal isprovided to tbe processor 200 or PCI bus 98 is also indicated 
as a timing parameter. Preferably, thesetiming parameters utilize 10 
bits of memory io a 16 bit register, the organization shown in Table I. 
TABIE 1 

Memory Timing Control Register 
Bit 15 Reserved 

Bits [14:13] RAS precharge 
DO = 2 clocks 
01 - 3 clocks 

10 - 4 clocks 

11 = 5 clocks 

Bits [12:113 MRDY read state 

00 = Assert MRDY in tbe Cl state 

01 ■ Assert MRDY in tbe C2 state 
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10 = Assert MRDf io the C3 state 

11 ■ r e s e r ? c d 
Bits [10:9] reserved 
Bit 8 CAS pilsewidth 

0 = 2 clocks 
3 clocks 
Bits 17:5) Rcserred 



MD 


setup to 


CAS 




0 ■ 


1 clock 


setap 


t ime 


1 = 


2 decks 


setup 


t ime 


How 


Address 


Setup 


to R AS 


0 = 


1 clock 


setup 


t i me 



1 = 2 clocks setup t ime 
Bit 2 Column Address Setup to CAS, writes 

0 = 1 clocks setup t ime 

1 = 2 clocks setup t ime 

Bit I Column Address Setup to CAS , reads 

0 = I clocks setup t ime 

1 = 2 clocks setup time 
Bit 0 Row Address Hold f ron R AS 

0 = 1 clock told time 

1 s 2 clocks bold time 

RAS Prechaige defines tbc number of clocks in whicb all RA5« 
sigoals must be aegated {high) before any are allowed to be asserted 
(low) again. 

MOY read state defines wbicb CAS stale MRDT shoild be asserted 
ior a memory data read, (f tbe CAS pulsewidlh is two clocks wide, C2 is 
skipped. The MRDY state raries on clock frequency and raemorf speed. 
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CAS pilscwidth d < fines hew many decks CAS* signals must be held 
asserted. 

MD Setop Time to CAS defines bow many clocks t be MD b u s must be 
driven from the data buffers 21! before C AS « is asserted fora in i t e . 

Column Address Setop to CAS, writes defines the number oi clocks 
after the Co t una Address is generated before CAS* can be asserted for a 
write cjcle. 

Column Address Setop to CAS, reads defines the number of clocks 
after the Column Address is generated before CAS * can be asserted for a 
read cycle . 

Row Address Hold from R AS defines the cumber of decks after RAS * 
asserts before the Row Address may change. 

Referring then to Figure 6, each memory bandnclodes a related 
register 5 00, 502 and 504 tc indicate the ending address of the 
particilar memory bank. These addresses can be written by the processor 2 
00 after determining the particular size oi the memory module located in 
the particular bank. The output olthe bank end address registers 5 00 , 5 
02 and 504 are then prodded as one input to comparators 5 0 6 , 50 8 and 51 
0. A second input to the comparators 506, 508 aod 510 is provided by the 
memory address of the particular module such as the processor bas PR or 
PCI bus 98 appropriate. It is noted that only three cf the eight 
banks are shown for simplicity. The comparators 506, 508 aod 510 bare 
two oitpots and a third input. One output is the less than output, so 
that if the piodded memory address is less than the ending address of 
the particular baok, and there is a carry in value to indicate enabling 
of the comparator, the less thinraloe is true or high, indicating that 
Ibis is theselecled bank. The comparator secood output is agteatc/ than 
or equal to signal, which is used to enable the next comparator . For 
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txample. comparator 5D6 has its greater than or equal to output 
connected to in enable input cl tbc comparator 508 such that if the 
memo r t address is greater tbao or equal tc theaddress provided is the 
bank 0 end address register 500, the comparator 508 is activated. If the 

addressis then less tbao tac ban* I end-Log address as stored io the 
register 502, then the ontpit of the BANK Isigoal of the comparator 508 
is activated. If the memo r y address is iostead higher, then this chain 
continues to determine if the memory address is less than that contained 
in any of the b a q k s . Therefore, there are eight particular bank uitpots. 

BANK 0 to BANK 7, tc indicate the prcseoce of the memory address inthc 
particular memory bank. 

These BANK 0 to BANK 7 signals arc provided to amemnry bank value 
encoder 512, wtick provides the BANK<2:0> signals, which are stored 
along with the writeaddress values in the 12M qieue (10 or P2M queie 
408, for provision to the MCON block 404. 

As noted a bo t e , each back cosld be one of tbree particular memory 
speeds, and these indications are contained io registers 514 aod 516. 
Only two registersare shewn fur simplicity. The outputs of the registers 
514 and 516 are two bits to indicate the particular speed, aod these 
bits are provided tc the inputs of aoeigbt input, 2 bit multiplexor 518 
whose select iopot is connected to the BANK <2:0> signals. The BANK 
<2:D> signals are provided with the particular address, he it read or 
write addresses for the PCUN block 400 or the (CON block 402, to the 
multiplexor 518 so that theootput of the multiplexor 518 is the 
particular two bits that indicate the bask (or the particular addressfur 

which tbc MCON block 404 is about to execute the amecoiy operation. The 

outpat of the nultipleror 518 isconnected tu the Select input of a 3 
input multiplexor 520. The multiplexer 520 is connected to the registers 
522, 524 aod 5 2 6 wbicb contain the roenorv speed t i m i ogia 1 u e s for speed 
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0, 1 and 2, respectively. The seruemor y timiof values ire those indicated 
in Table I. The output of the multiplexer 5 2 0 is timing values as 
atilixed io the state machines and logic d c s c i i be d be ! o f for the MCON 

block 404, la addition, the add ie iju 1 ucs <2 7 . . 3 > and byte enable or BE* 

•i 

<7..0> signalsare also pro?ided to the MCON block 404 as they ba?ebee,o 
tracked throogb the queues 408 ci 410 or are provided directly on t e ad 
operatioos. Therefore, tberaemory bank speed timing values are directly 
provided by first decoding the particular back, t h e d bating alook up (or 

Ibc bank based on the previously definedaod stored ocmory speed »aUe 
of the optiooal raemoryspeed settings, aod then selecting the particolar 
memory speed values for operation for that particular memory cycle. 

An example of the timing valoes for the preferred cmbodineot for 
three processor speeds and two memo r y d e v i c c speeds is shown in Table II. 

TABLE 11 

Memory Timing Control Combinations 



Parameter 


33MIIi 




50MKr 


6 OMH t 


6( 


Ins 70os 


6 0 o { 


70ns 


$0ns 70 


RAS precbarge i 


2 


3 


3 


3 4 


MADY assert ion state CI 


CI 


C3 


C3 


C2 C3 


CAS pulsewidth 2 


2 


2 


2 


2 3 


MD Setip 1 


1 


1 


1 


2 2 


Write Column Addr Setup 1 


1 


I 


1 


I 1 


Read Coin mo Addr Setup I 


1 


1 


1 


1 1 


U bold 1 


i 


1 


2 


2 ] 


Memory Timing Control 00 


00 0 0 00 


30 00 


3 0 0 1 


2 0 1 1 Sl_ 



Register (hex value) 
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The DRAM device speeds can be d e I e r n i d e d b? reading encoded bits 
coorent iooal ly provided do SIMMs aod checking the size. These two 
parameters are then used in a lookup table tc determine SIMM speed. This 
technique is described racie fuliy„.io Serial No. 0 8/0 3 4 , 1 0 5, filed Much 
2 2 , 1 9 93 . which is hereby iacor pcraied by reference. With the DRAM 
device speed tbeo known for each bank and microprocessor speed known by 
other encoded bits, these two parameters are thenised io a secend Icokop 

table to obtain the binaryvaloe to be placed in the timing value 
register for that c o n t i ou a t i on . The computer system designer knows the 
various propagation delays of the various paths and can then simply use 
tbc clock speed and memory timing parameters provided by the memnry 
device oaonfacturer to determine the timing rallies for cacti comb i na t i o n . 

Proceeding then to Figoie 7, the use of the addresses, byte 
enables and timing values are shown asbciog provided to a portion of the 

MCON block 404. Theprocessor write request, processor read reqoest, 
refresher quest, PC I read request and PCI write request signals are 
inputs to in arbiter 550 along with signals referred to as I2CAMHIT, 

1 2MQ EMPTY and P2MQ EMPTY. Tie varioos request signals-arc an 

indication t bt t o pe r a t i c n s are pending foi the memory controller to 
operate oq from the indicated scorces of the i nd i c a t e d t y pe . Development 
of these signals is not fully described but can be readily developed by 
one skilled in the art. The oitpots of the arbiter 550 are the P2M, M2P, 

I2M and M21 signals to indicate which scorccaud direction of operation 
(as occurred, that is P2M for a processor to memory write, M2P for a 
processor to menory read, I2M fcr a PCI to memory write cperationand M2I 

for a PCI read operations. These four signals are provided as the 
select sigoals to a four i opu tmu I t i p I exo r 552 which receives the 
particular read or write addresses, the byte enables, the memory timing 
values and the bank indications for the pa r t i cn I a r sou rc e . The P2M qnene 
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40S provides write addresses, byte enables, memory timings and bank 
information fromthe qieae 40 8 f c i processor to memory write operations, 
while the read addresses, byte enables, memory timings aod bank 
information are provided directly forprccessor reads io t fa e M2P case. 
Similarly, the I2M queue 41(1 provides wr'fte addresses, byte enables, 
memory timings aod bank information from the 1 2M queneUO, while the 
read addressing toforioat ico is pre? i dedd i r ec 1 1 y I r om the ICON block 402 
to tbe MCON block (04. The output of the multiplexor 552 is the 
particular address value, tbe byte enables the bank vatne to indicate 
which particular bank aod the memory timing values for tbe particular 
memory operation to beperfoimed by the memory controller 210 to access 
tbe necessary memory location for either a read or a writeas 
appropriate. It is also noted that a page hit detector 554 is connected 
to the output of tliemp 1 1 iplexor 552 to provide a P AC EI] I T signal to 
allow the memory controller 210 to determine whether a page hit has 
occurred, so that it can operate the DRAM devices io the desired page 
mode operation for best performance. 

Proceeding then to Figure 8, blocks r e p r e s « n t i ngva r i o q s state 
machines aod other logic utilized io theMCON block 404 are shown. A 
number of state machines provide the actual information aod control 
Inactions and arc interlocked. The primary state machine is the MEM5M or 
memory, state machine 600. The memory state machine 600 receives tbe 
memory timing vaioes from themul t ipieior 5 5 2 and tbe M2 1 ABORT signal 
from the ICON block 402. A precharge state machine 602 is provided to 
provide a signal referred to is RASPCHC or PAS precharge to indicate 
that tbe precharge time for the particular memory bank is completed if 
page mode operatioo is not occurring. The RASPCHG signal is provided to 
the nemcry state machine 600. Additionally, RASUP or RAS up logic 604 
provides a RAS UP signal which is utiliied bj the memory state 
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ma c b i o c 600 to determine whether to leave t b e RA5 * or row address strobe 

signal high or low vbeo oc memory cycles are pending, thus presiding a 
predict i o d whether the next operation will be a page bit or page mist to 

thereby Improve performance- Detailed operation ofthis logic will be 
described below. 

K refresh state machine 606 is provided to control refresh 
operations bot vill not be described io detaiiin this description 
becaise its operation is relatively conventional aod is omitted for 
clarity. A memory address state machioe 608 receives the timing 
valuesfrom the multiplexor 552, as well as the basic clock signal of the 

system and provides interlock signals totbe memory state machioe 600, 
the MSELRA or memory select row address signal aod the MWE* or memory 
writeenable sigial. Tbe MSELRA signal is provided to the select input of 

a 2:1 multiplexor 610 which receives at its iopots tbe memory addresses 

appropriately connected to provide row aod column addresses based oo 
iheselect ion input. A burst address block 612 is pre vi d e d a n d connected 
to the column addresses to simplify burst operation. Tbe outputs of tbe 
multiplexor 610 are the memory addresses provided to tie memory array 21 
4 over the memory address bis 216 for tbe particular operation The MWE* 

signal is similarly the memory write enable signal as provided to the 
main memory array 214. A memory data control state machine 614 is 
provided. It receives certain of tbe memory timing valnes aod provides 
iolerlock signals to the memory state machine 600 and controls the 
operation of pertinent portions of tbe data buffers 212. 

The memory state nacbine 600 provides the MARS or master RAS and 
MCAS or master CAS signals. The MARS sigoal is combined with the hank 
value signals for t he pa r t i c o 1 a r memory operation to provide the 
RAS*<7:0> signals which are provided to the particular banks. Ifthe bank 

value indicates that this is the particular bank value for the 
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operation, tben the R AS logic 6IG directs tbc MARS signal to thai 
parties I a i bank in an inveited form. If the bank value is not the one 
particularly being addressed, then the IAS* signal f c i that particular 
bank is held high to allow the memory devices to be (ally prechirged. 
The MCAS signal isprovided to CtfS Iojic*6lJ which also receives the BE- 
<7:0> signals for the preferred 61 bit width. These signals provide the 
eight, byte lanes cf infoimatioo that aic encoded with the MCAS signal 
to produce the CAS*<7:0> signals which arc used to enable the particular 

meraorj devices cl the bank indicated by the RAS*<7..Q> signals. If a 
parties lar byte enable is not activated, theo its related CAS* signal is 

not activated, and therefore the memory dericc is net selected as it 
does not receive a column address. This allows the use of a single MWE* 
sifoal, with the CAS* signal providing the byte lane encoding. 

The queues 406, 408 and 410 are organized as aseries of registers 
of the appropriate width. Pariiculai registers in each queue are 
selected based on three particular counter values associated with each 
qncoe. The three counters are the (cad location counter, the write 
locatioo counter and the data contents counter. The read locatioo 
counter is utilized to determine the particular location of the lour or 
eight registers from which the read data forthe oeit cycle is to be 
obtained and provided to the particular block. The write location 
cooateris utilised to indicate the particular register into which data 
is to be written in tbe next operation. The read and write location 
cointers increment on each read audwiite operation, respectively, and 
thus operate in acircular fashion. Tie data conteots counter is utilised 
to indicate whether there is actually data inthe qneue. Tbe data 
contents counter is an up/dowa counter. The data contents connter coints 
Dp od a write operation tc the qneae and decrements oo read operations. 
II tbe data conteits counter i ndicates that tbe queie is lull by being 
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at a maiimun value, I fi e a data is oot w r it ten iotc the qoeee BDtil data 
hasbeco removed from the q o c u e . These counters are conventional logic 

a □ d ire oot shown for simplicity and clarity. !2MQ EMPTY and 

P2MQ EMPTY signals thus Correspond to the data contents counters beiog 

at a 2 c i o t a 1 oe . 

Because of the length of the 12M queue 410, it is organized as a 
ccnteot addressable menory or CAM. 12M queue registers 640 and 64 2 are 
sho*D in Figure 9, with many omitted for simplicity. Tbe output of the 
particular register 640, 642 is not only prorided totbe MCON block 404 
via a multiplexer but is also provided to ao associated comparator 644 
and 646, Tbe secoud input of tbe comparator 644 aod 646 receives the 
processor address being provided on the processor address bus 204. The 
comparators 644 aod 646 have equal outputs so that if the address being 
provided directly oo the processor address bus 204 is equal to one of 
the addresses contained in the (214 queue 410, then tbe particular 
comparator provides its equal signal trie. The equal signal output goes 
to one ioputof an AND gate 648 and 650. The secoud input to the AND gate 
640 and 650 is provided by a valid bit register 652 and 65 4. If data is 
net contained in tbe particular register 640, 642 io the !2M queue 410, 
then tbe valid bit register is set to 0, vheieas if data is present, 
then tbe bit is set to I. These valid bitregisters are set when data is 
writteointo the 1 2M queue 410 and cleared when data is read oot of the 
queue 4)0. fn this manner, if the register is valid and the comparator 
determines that there is an equalily, the output of the particular AND 
gate is set to a one value to indicate tbat a hit has occurred. Tbe 
outputs of the AND gates 648 to 650 arc provided to an eight input OR 
gate 654 whose output is tbe 12MCAMHIT signal, which is provided to 
indicate tbat the particular read address beiog requested by tbe 
processor is actually present in the 1 2M qieue 410 as a «ritc operation 
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iron the PCI bos 9&, a o d tbeiefuie the mem c x y read request from the 
processor 200 cannot occur o&til the particilii location has been 
flashed oot ol tbe I2M qaeue 41C. Operation of this delaj is seen io the 

arbiter 5 56 as described be low. 

lo the preferred embodiment, there are five possible requests for 
the main memory 214: a pi cces sc r - t u-merac r y write (P2M) , a memory-to- 
processor read (P) , a PCi-to-meroory write (UM), a uerao i y- to-PCI read 
(M2I), and refresh. A P2M write refers to a write tothe memory 214 aod a 

M2P read refeis tc a lead of the memory 211, both ioiliated by (he 
microprocessor 200. An 1 2M write refers to i write to the memory 214 a&d 

a M21 read refers to a read of the memory 214, botb initiated by a PCI 
bos master. All nemory requests from EISA fans masters are passed through 

the PC1-EISA bridge 130, which includes the accessary logic to be abus 
master oo the PC I bus 98. Thus, any EISA originated memory request is 
effectively a memory request asserted by the PCI-EISA bridge 130. 

Geoerally, the priority of the memory requests areas follows, with 

some exceptions: (l) second re f r eshreques t ; (2) P2M write request; (3) 
M2P read request; (4) I2M write request; (5) M2I read request; and (6) 
first refresh reqiest. The second refresh request iodicates that two 
refreshes are outstanding. When that occurs, the memory controller 234 
gives both outstanding refresh requests the highest priority, executing 
both refresh cycles. Tbe P2M write requeslis always higher in priority 
than other memory requests except the second refresh. However, if the 
I2M queue 410 is full or tbe 1 2 M queue 410 is oot empty and a PCI bus 98 

read is outstanding, a sigoal M P2M NOPOST is asserted io prereot 

furter queuiog of P2M write requests until a PCI write operation is 
completed .To is allows the P&M queue to clear out, thereby allowing 
requests Irora tbe PCI bes 98 to be serriced. However, assertion of the 
signal M P2M NOPOST does not present writeback cycles from being 
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queued, as the writeback may be needed by the PCI memory request. 

The M2P read request is always lower in priority than tbe P2M 
write request, bet it is usually higher in priority thin 12M write a d d 
M2I read requests. The operation can only occur when tbe P2M queue (08 
is enpty. However, an uolocked M2P read reqiest is lurced 1 g we r io 
priority than aa 12.M write request ii the M2P read is to tbe same 
address as an 1 2M write pending io the 1 2M queue, When this occurs, the 
M2P request remains lower io priority than I 2M requests until the f2M 
write request b a t i o g the matching address is written tc the main memory 
2H. A M2P read request is also forced lower in priority than an I2M 
write request if the 12M queue is fill. Additionally, if an MZ I 
read request is asserted while an 12M write request is pending, the 12M 
write request is forced higler io priority than the M2P read request to 
allow the I2M queue to clear, thereby allowing the M2I request to 
proceed. Further, an M2i read request is forced higher in priority than 
the M2P read request if the M2 1 read has been waiting for the M2P 
rcqcest to negate for more than one arbitration cycle. 

The I2M write request is always lower in priority than the second 
refresh request, the P2M write request, and it is generally lover in 
priority than the M2P read request with the exceptions noted above. The 
I2M write operation cao only occor when the P2M queue 408 is empty. The 
12M write reqiest is always higher in priority than the M2 I read 
request. The (2M write request is held off if the processor is 
performing a locked access of the main memory 214. Thos, for a locked 
processor cycle, tbe exceptions discussed abovedc not apply to override 
tbe higher priority of M2P read reqtests over I 2M or M21 requests. 

A locked or atomic access of tbe main memory 214 is indicated by a 
signal LOCK* driveo by tbe microprocessor 200. A locked cycle allows 
tbe ni c roprocc ssor 200 to read an address location io the main memory 21 
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4 and be assured that the accessed location is do t changed by another 
bus master belcre the microprocessor 200 writes back to the same memory 
locatioo. These type cycles aie referred tc is read modify write cycles. 

Locked cycles are also generated during other bus transfers, s a c b as 
during execution of the KHG (eichaogt).J di trict ict when cne of its 
operands is memo r y - b a s e d . when updating a segment or page table entry, 
and when ciccotiag interrupt acknowledge cycles. 

The M21 read request is always lower in priority than the second 
refresh request, the P2M write request, aod the I2M write request. 
However, it is higher ia priority than the unlocked M2P read request in 
the iastaoce noted above. The M2l read operation can only occpr when the 

P2M qoeoe 408 is empty. 

Finally, the first refresh request is always lower in priority 
than any of the other requests. However, as noted above, when the second 
refresh request is asserted, both the first and second refresh requests 
are executed regardless of whether other requests are pending. 

Further details of this arbitration are provided in Serial No. 

08/32 4 , 0 1 1 T entitled "System for Arbitrating Access to Memory" filed 
concurrently herewith, which is hereby incorporated by reference. 

Referring now to Figure 10 the memory state machine 600 is shown 
in detail. Indications in italics next to a particular state bubble 
indicate the ralae of various output signals, developed by the state 
machine. In this case the MARS and MCAS signals. The phrases adjacent tc 

an arrow going from one bubble to an other are the logical conditions 
on which that path is taken. If a path does not have an adjacent logical 

condition, that path is taken in all other cases. Transitions are made 
on the rising edge of the processor clock signal. Upon reset of the 
computer , operat ioo of the state machine 600 transfers to the El or RAS 
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idle stale, [q this Stat* the MARS signal is not asset ted if the next 
state is dci state SI. If the oeit state is Rl, then tbe MASS signal is 
set to the faloe 1 or asserted so that the row address strobe signal is 
provided. Tie MCAS signal is negated tc a ?ero level. Cootrol proceeds 
from state fit to state Rl il the M2P condition is tiue so that a 
processor read operation is occurring, if a PCI read operation is 
occirriog (112 1) which has oot been aborted (!M21 ABORT) and is not being 
cleared (1CLR12M). or if a write operation from the processor or the PCI 

has is occoiriog; the row addiessready signal (RADRRDT) is true, which 
indicates that the row address set ip time to the R A S signal has been 
met as indicated by tbe memory address state machine 608, oi, if in a 
processor read case there is no wait signal indicated as wo old be 
appropriate if an aborted memory to PCI read ahead is completing 
(VAITRADMDT) and tbe row address set op time two (RADSETUP2) signal is 
not activated which indicates that relatively fast memory is present; a 
refresh cycle is oot occurring (RFSH O.N) ; tbe current read cycle to the 

PCI bos n isuct bciog aborted (M2 1 ABORTCUK) ; and the precharge period 
has completed for as indicated by the RASPCHG signal. The M2 1 ABORT 
signal is provided by tbe f CON block 402 as described above. The 
M2 1ABORTCUR sigoal indicates that the cycle curreotly being performed by 

the MCON block 404 is to he aborted or terminated as sood as possible. 
The M2 I ABOXTNEXT sigoal indicates that the next MZf cycle which is 
pending is to he aborted, which occurs by simply skipping tbe cycle. The 

development of the CLR12M sigoal is detailed below, but briefly 
indicates that a snoop lead bit to a modified location has occurred, so 

that the I2M qneoe U4 most be flushed and the read cycle rcexecoted. 
Therefore, if a memory cycle is indicated, the row address set op time 
has been met, aid the device is precbarged, cootrol proceeds in state 
Rl to state Rl. In all other cases cootrol remains at state Rl. 
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to state II the MAES signal is set to 1 cr high a □ d Hue, and the 
MCAS si;na! is set low to indicate that this is a RAS only portion of 
the cjcle. Control proceeds from state Rl to state 12 if the RADHLD2 
signal is true. which i n o* i c a t e 8 4 ,t ha t two clock periods of bold time are 
required aod therefore the intermediate 12 state is required, if the 
RADHLD2 signal is do t true, tbeo only 1 clock of bold time is requited 
from the activation cf the K A S « signal and control proceeds diicctly 
from stale XI to state B3.U state R2, the MARS signal is asserted and 
the MCAS signal is negated. Control proceeds from state R2 to state R3 
u d the next risiog edge of the processor clock signal. 

Id state R3, tbe MARS signal is true cr high, while the MCAS 
signal is set high if tbe next state is to be state Ci aod otherwise the 

MCAS signal is set low. Control proceeds from state R3 to state Cl, the 
first of the column states, if tbe column address read; (CADRRDK) signal 

is true as provided by the memory address state machine 60S tp indicate 

that the particular columu address set op time, be it lead cr write, 
has been satisfied aod either a PCI read operation is occarriog or a 
memory to processor bus read operation is occurring, aod the memory 
operation is not stalled waiting for read data; or a write operation 
from the processor to memory or the PC F has to memory is occorriog with 
tbe data being valid as indicated by the MD VALID signal which is 
provided by tbe memory data state machine 6H. Therefore, if thecolumn 
address set up time has been net and indication of write operation data 
being properly valid for write cases is provided, control proceeds from 
state R3 to state Cl . Otherwise, control remains in state R3 waiting for 

tbe timing conditions to be satisfied. 

In state Cl, both the MAiS and MCAS signals are high to indicate 
tbat the CAS portion of the cycle is occurring. Control proceeds from 
state Cl to state C2 if the CASPWJ oi CAS pulse width 3 clock signal is 
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true. If the CASPW3 signal is not trie, control proceed* directly I rem 
state Cl to state C3, with control always proceeding from state C2 to 
state C3 oo tbe next risiofl edge of the processor clock signal. Instate 
Ci, the MARS a o d MCAS signals are both also true. T h b s . state Zl is 
skipped if the CAS poise width can be narrower, as would be true for 
faster raemorj or s lever processors with an a d d i t t n o a I clock period 
provided wbeo necessary. 

In state C3 the MCAS signal is negated to a 0 level to indicate 
completion of tbe particular memory cycle and the MARS signal is set to 
0 if the next state is tbe R( state or if the particular cycle is 
aborting. Otherwise, the MARS signal remains in a high or asserted state 

to allow operation io page node if appropriate. Control proceeds from s 
tate C3 to statcRl if a burst operatioo is not cccorriog t which is a 
preferable operation for 4 S 6 and Pentium processors, or the current 
memory to PCI read cycle is being aborted as explained below; the text 
memory to PCI read operation is not aborted; there is do indication that 

the M2I cycle is to he aborted as indicated by the M2 1 ABORT signal oi 
the CLRI2M sigoil; aad a non-refresh cycle is occurring (M2 P+ADDRRDY) 
ait) this is not a page hit; i refresh cyclt is occorring nr there is oc 

cycle pending and the RAS UP signal is true, indicating thatthe RASlfP 

block 604 has indicated that the prediction is for the next cycle to be 

a page miss. The RAS UPsignal is generated as fellows: 

RAS _UP - ! ((WRITEBACK kk P2M) | | (!WDATARD kk HZP) | | 

( !Q f 2MOEMPTY kk I2M) | | (!M2 1 ABORTCUK kk 

M2IMURFAD &4 !M2 1 ABORTMXT) | | HIT2MOD) 
Therefore, the RAS* signal is kept low or io page mode following 
processor to memory write operations which were oot writebacks from tbe 
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LI or L2 caches, processor code read operations, PCI bus write 
operations with peodiog write operations, Memcrf Read Mcltiple 
operatioos from tbe PCI bus 98 which arc not being aborted, oi bits to a 

modified address, indicating that a writeback operation has just 
occurred. Id all other cases ttfe RAS J}? signal is true, Seen tbat it is 

considered better to initiate i fell new page access to allow 
p r c c h a r g i o g tc oceir daring the idle period. 

If the conditions for transfer I r cm state C3 to Rl are not tine, 
control proceeds froti state C3 to state RN or tbe RAS low idle state. In 

this state the MARS signal is low if tbe next state is state Rl 
otherwise the MARS signal is asserted. The MCAS signal is asserted if 
tbe next state is Cl, otherwise the MCAS signal remains in low state. 
Control proceeds from tbe RN to Cl state for burst operations in general 

if the column address set up time has been met and there are no abort 
operations occurring. Control proceeds frot the RN state to the Rl state 

under conditions which generallj indicate that the cycle i s being 
aborted or a processor DQu-burst read which is a page miss is neit to 
occur. In all other cases, control remains at state RN, idling with the 
RAS« signal low ootil a cycle needs to be run or an abort or page miss 
occars. Therefore* it can be seen tbat tbe memory state machine 600 
drives the MARS and MCAS signals based oo tbe timing rahes of tbe 
proper bant, these timing ralues beiog variable as indicated above . 

A memory address stale machine 60S is shown io Figure 1 1 . The 
state machine 6 0 8 starts at state RA 1 upon reset. In this state, the 
RADRRDY signal and CADRRDY signals are set low to indicate that the row 
and column addresses are not ready, and the MSELRA signal is set high to 

initially select the row addiesstc be presided tc tbe neraory dences. 
The MWE» signal is set tc 1 or negated level on reset and after entry 
into the RA I state and is set equal to tbe CHl state ralee the first 
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state altei entry Irora the Cfll state as described below. Control 
proceeds from the RAI state tc tbe RHl state if an active cycle is 
pending from the PCI bus 98 or processor 200 tod the next cycle in the 
read ahead operation is net tc be aborted. The correal M21 read cycle is 
aborted under certain cond i t ions »• s neb a*S receipt of M 2 1 ABORT signal or 
a writeback is oceorriog, while the next MM read cycle is aborted when 
the M21NA signal das been received bat the cycle not started when the 
M2 [ ABORT signal is received. In 2 1 I other cases control loops at state 
RAI . 

In state RHl tbe CADRRDY signal is set low and tbe RAD1KDY signal 
is set to the value of W2P or memory to processor read upoo entry from 
the RAI state, is e 4 v a 1 tc 0 on entry iront tbe CB2 state as defined 
below and after entry into the Rill state is set to a I level. Tbe MSELRA 
tod MWE* signals are set to high levels so that the row address is 
selected and a write ope ration is not indicated. Control proceeds from 
the RHl to tbe RH2 state if the MARS signal is trie from (he memory 
state machine 600 and tbe RADHLDZ signal or row address hold time signal 

Is set to indicate slower memory devices. If the MARS signal is tree 
and the RADHLD2 signal is not set, control proceeds from the RHl state 
directly to state CHI, which is also where control proceeds on the next 
clock signal in tbe RH2 state. In all other cases, operation loops .at 
the RHl state. In tbe RH2 state, the RADRRDY signals aad CADRRDY signal 
are set low, and the MSELRA and MWE* signals are set at high state. 
Control proceeds from the RH2 to the CHI state. 

In the CHl state, tbe RADRRDY signal is low to indicate that the 
row address set op tine has not beeo met. The CADRRDY signal is set to a 

In state RHl the CADRRDY signal is set low and the RADRRDY signal 
high or trie valoeaftcr initial eotry into the state. On entry the 
CADRRDY signal is set high if short CAS address setup times were set 
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(1CAD5ETUP2) (or the read or write as appropriate, and otherwise is set 
low. The MSELRA signal is set to (1 io indicate that the column 
addresses ire selected and tbe OTP* signal is low if a srite cperatioo 
is cccorr iog . 

Control proceeds f rem tbe Cill state tc the HA f state if the memory 

state machine 600 is in state RN and eithei tbe cycle is aborting or a 
processor read page miss is pending. Control proceeds from the state CHI 

to State CH2 if tbe memory state machine it not in state RN or tbe 
ejele is oot aborting completely cr the processor read cycle is i pige 
hit. Io the CH2 statethe RADRRDY and CADMDT signals are set low tc 
indicalc that no addresses are ready. The MSELRA signal is set low and 
the MWE* is set low to indicate tbe write operation is occarrieg and tbe 

colomn addresses are provided. Control proceeds from the CH 2 state to 
the CHI slate for ongoing borst cycles when the memory state machine is 
in state C3 or for pending processor read page hit operation. Control 
proceeds from the CH2 state to tbe RAI state if the cycle is aborting or 

if an idle condition is preseit and tbe RAS« sigoal is tobe set high. 
Control proceeds from the CH2 to the Rill state ii a processor read page 
miss operation is to occor and tbe memory state machine 600 is at the 
end of a cycle. 

Therefore the memory address state machine 6G0prcperl? provides 
the MWE * " signal for the DRAM devices and controls the address 
roolfipleior 610. Io addition, the RADRRDY and CADRRDY or row and column 
address ready signals are provided to the memory state machine 600 based 
upon the colomo and row address set op times as provided in tbe memory 
t ining regis ters. 

The MD or memory data state machine 614 is ilhstrated in Figure 
12. Tbe state machine 614 starts at the IDLE slate ipoa reset. Control 
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proceeds from the IDLE state tc a RD Hate for processor or PCI bus 98 
read operation which are oot being aborted andrefresh is Dot occurring. 

Control proceeds to the DCD state if a processor tc memory write 
operation is occurring and there is no refresh or if a PCI bus to memory 

write operation is occurring and again There is oo refresh. Control 
otherwise remains at the IDLE state. Control proceeds from the RD state 
tc the DCD state if the memory state machine is in states C3 or RN, the 
cycle is either being aborted or is net a burst cycle and it is a write 
operation with a 33 MHi processor. Control proceeds from the RD state to 

the IDLE state if MARS is negated aod the cycle is aborting or the 
memory state machine is io states C3 or RN, the cycle was nd a burst or 

is aborting, and a oon-33 MHz processor write operation or PCI bus 98 
write cycle is pending or o o cycles are a c t i t c . In al) other cases, 
control remains at state RD. 

Control proceeds from the DCD state to the DH 1 state if the 
MDSETUP2 signal is oot trie, iodicating that this is a fast memory data 
set op case, and the memory state machine 600 is not io state C2 and 33 
Mh z operatioo is indicated for the processor, (n all other cases, 
control proceeds from the DCD slate tc the DS2 state. Cootiol proceeds 
from the DS2 state to a DS3 state if the processor 200 is oot operating 
at 33 Mhs and tbe MDSETUP2 sigoa! is set tc indicate slower memory data 
set up Limes. Control proceeds from the DS2 to DH I states In all other 
cases. Control proceeds from the DS 3 state to the DSI state on tbe neat 
risingedgc of the clock signal. 

Id the DHl state, the MDVALID signal is set to 1 or asserted to 
indicate that the memory data set up time to the cclamn address strobe 
has been met. This allows the ncmory controller state machine 600 to 
proceed to state CI. Control proceeds from the DHl State to the DCD 
State if forther write operations are pending aod otherwise proceeds to 
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tbe DH2 state. In tbe DH2 state, the MDVALID signal is set to 0 to 
indicate that the memory is oo longer t a I id. Tbe valneof the MDVALID 
signal is oot changed in an; states other than tbe DHl and DH2 stales, 
except it is cleared on reset. Control proceeds from tbe DH2 stale to 
tbe IDLE state il oo write operations appending from tbe PCI bos 98 or 

from the processor 200. U all other cases, control proceeds from the 
DH2 state to the DCD state. Id this manner, the nemcry data sttte 
machine SH provides tbe MDVALID signal to the memory state machine 600 
wbea tbe memory data is properly set op. 

Tbe precharge state machine 6 02 is shown in F i gur el 3 . Up o g ies<t, 
the state machine 602 operation commences at state A. Control remains In 

state A when the MARS signal is oot asserted. When the MARS signal is 
asserted, control proceeds to one of states B, C, D, or E, dependent 
upon tbe number of clocks defined for tbe precharge time, Control 
proceeds to state B for five clocks, to state C for four clocks, to 
state B ior three clocks and to state £ for two clocks. Control proceeds 

from states B to C to D to K, sequential 1 y , when the MARS signal is oot 

asserted. Otherwise, control remains in each particular state. Control 
then proceeds from state E back to state A when tbe MARS signal is 
deasserted. Therefore the preclargc state machine 602 leaves state A 
opoo the commencement of a particular memory operation and then does not 

begin 'traversing the remaining states until the MARS signal has been 
negated, so that a precbarge period has started. It is noted that this 
results in tbe proper precharge tine for any given bank, even il banks 
arc being switched in sequential memory operations if refresh operations 

are ignored. This occurs because, as noted above, when a particular 
bank is not selected the R A 5 * signal for that hank is set high so that 
it is in a precharge period. Thus if tbe bank is not selected, it has 
been through at least ooc full memory cycle ol precharge, which is 
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soflieient to provide the r « q q i r t d recharge io all cases. Tbus : the 
precharge tine is set tor that of the particular mcraorj bank on vfa i c h 
the current cycle is operating, so that if bad to back cycles occur oo 
that particular memory bank, the memory devices arc properly precharged. 

Dowev « r , refresh ope ra t i on s .scmewha.^ degrade this operation as it 
is not koowu io the preferred embodiment which bank will be requested 
alter a refresh cycle, so to simplify the desifn of the preferred 
embodiment, the precharge value for all cf the DRAM types is set to the 
worst case by the initialization or POST software. This redues 
performance io certain cases but simplifies the design. A slightly more 
complicated design woold use the worst case value, preferably provided 
to a predetermined register for only the first prccharge operalioo after 

a refresh cycle and thereafter operation woold revert to the optimal 
timing for each bank. 

Write addresses and data traverse thrnigh the I2M Hieoes 410 and 4 
14 based on haying posted data and the arbiter 550 providing access to 
the Queues 410 and 414 by the memory system. The write addresses are 
provided to the PCON block 4 0 0 when placed in the 12M que oe 4l0 r to 
allow the PCON block 400 to control sooaping of the address by the Ll 
aod L2 cache controllers. Read operations occur io a different fashion 
thao write operations. Read addresses are provided to the MCON block 404 

along with an indication that a read reqaesthas issued. The read 
addresses are provided based on a return of an L2 cache line, wbicb is 4 

32 bit words for 486 microprocessors and 8 32 bit words. for Pentium 
processors. Therefore, when an M2 f read is reqoested, four or eight 32 
bit words are provided, with the ICON block 402 properly proiidiog the 
data from the read operation to the PCI bas 98 as required. The read 
leqiest indications are provided by a memory tc PCI next address stale 
nachine described below. The read request is also provided to the 
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arbiter 550 Icr arbitration and to the PCON block 400 to allow LI aod L2 

cache scooping with a writeback it case of a bit to a modified line. 
When tbe arbiter 550 provides tbe approval to proceed with tie PCI bis 9 
8 read, the MCON block 4 0 4 then proceeds to pioecss the information. It 
is noted that this will bare occurred only after tbe 1 2M queues 410 aod 
414 are emptied cl an; pending write operations so that tbe i2M data 
queue 414 presided in the data bufier 212 can be utilized to do a blcck 
read operation cl the lengths indicated. Therefore, vbeo tbe I2M queues 
410 aod 414 are emptied, the read operatioo commences and is controlled 
by an M2 1 state machine as shewn in Figure 14. Tbe state machine 
commences at state A ipso reset. Control then proceedsto state 6 if tbe 
12M qoeue 414 is empty, a read is requested and the L2 cache 208 is not 
being flashed. This would be a normal read condition, (f instead, the L2 
cache 2Q8 is being flushed, ccntrol then proceeds from state A to slate 
F, assuming that the 1 2M queue 414 is empty and the read reqiest is 
present. Otherwise control remains at state A waiting for tbe read 
operatioo to be initial i zed . 

From state B, control proceeds to one of four differed states. 
Control returns to state A if the MZ I ABORT signal has been received, 
indicating that the PCI bus master has aborted the read operation, or if 
tbe IREQACK signal is true, which iodicates that theoeit operation as 
determined by the arbiter 550 will be a PCI read, aod the SNPDGNE signal 

is true indicating that the PCON block 400 has completed snooping the 
read operatioo address to the level I cache aod to the level 3 cache in 
the processor 2 00. Cootrol proceeds f t on state B to state C if the 
M2 1 ABORT signal is not asserted, the next cycle is a PCI read as 
indicated by tbe IREQACK signal being asserted, there has not been a 
snoop hit to a modified (SNPH1TM) location as indicated by tbe PCON 
block 400 aod the snoop operation has not heeo completed, as also 
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iodicited by tbe PCON block 4 00. This Till be the case where a read 
operation has be e d requested and has be e d aibitratcd bet ma; have to be 
aborted because the snoop operation has act been performed and a bit lo 
a modified location may yet occoi. Control proceeds from state 6 Lc 
state D, if the operation is not being aborted and a PCI read has not 
been arbitrated, but there has been a snoop bit to a modified location 
with the writeback operation not yet completed, control proceeds from 
state B to Mate E if the cycle is tot aborted, las beeo arbitrated as 
indicated by the IREQACK signal and there has also been a snoop hit to a 
modified location, so that a writeback operation from the appropriate 
cache controller will be occurring. In all ether cases control remains 
at state B. 

Control proceeds from state C back to state A if tbe cycle is 
beiog aborted or if the snoop is completed without being a hit to a 
modified location, control proceeds from state C to state E if the cycle 

is not aborted and there has been a Snoop hit to a modified location. 
Otherwise, cootrol remains at state C until the snoop operation is 
completed, tbe cycle is aborted or there is a snoop bit to modified, 
cootrol proceeds from state D back tc state A if the operation is 
aborted or opon indication that tbe PCI cycle is next (or operation and 
the snoop has completed. This woild occur after the writeback has been 
completed aod then the PC I operation is next to oceir, as the write back 

will have superseded the PCI operation. Control proceeds from state D 
to state £ if it is not beiog aborted, the PCI request is next and tbe 
snoop has not been folly completed. Otherwise control remains atstate D. 
(n state E, the CLRI2M signal is set tc indicate to other portions 

of the memory controller 210 that because of the writeback, the data in 

the I2H queue 414 most be Hashed aod discarded. A CLJtl 2MDONE signal 
indicates this flushing has been completed. Cootrol proceeds from state 
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E to state F if the cycle is not being aborted aod the signal C L R 1 2MD0NE 
cr c I c a i the queue done signal is true aod the snoop is oot yet 
completed. Cootroi proceeds from state E to state G ifthe cycle is oot 
being aborted, the clearing of the queue 411 has been conpleted aod 
snoop lias been performed. Coot r o V pi oc eeifr from state £ tc Hale A if 
tbe cycle is being aborted aod io all other cases remains at slate £. 

Control proceeds from state F to state G if it is Dot being 
aborted and tbe socop cycle has been completed. Other cootroi proceeds 
from state F back toslale A if tbe cycle is being aborted. Otherwise 
cootroi remios at stale F. Control proceeds from state G back tc state 
A if the cycle is aborted or if it is next in lioe as indicated by tbe 
IBEQACK signal . 

Tberelore, the M2I state machine cootrols traosfer of information 
from the memory to tbe PCI interface usiog the I2M queoe 411 located in 
the buffer 212. Data is not transferred until the queue 414 is cleared 
of any write data and tben proceeds ooly based oo sooop information and 
when the arbiter 550 allows it to proceed. 

As noted above, the design cf tbe preferred enbodimeot perform 
read ahead operations wheo a PCI Memory Read Multiple operation has been 

received. Tbe operation proceeds as follows. The ICON block 402 
receives a Memory Read Mtltiplc cycle form the PCI bos 98 aod when there 

is room io tbe 1 23d queue 4N issics ao M21 read cycle request, along 
with an address, to tbe MCON block 404. The KCON block 404 arbitrates as 

described above and ultimately starts on the M2! read request. Wheo it 
has started the operation, it provides a neil address or M2INA sigoal to 

tbe ICON block 402 and provides tbe data to the f2M queue 414along with 

the appropriate ready signals. The ICON block 402 knows a Memory Read 
Multiple command is occorring and issoes another MZl read cycle request 
at the next address when the M2INA signal is received and the I2M queue 
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414 can receive aoother cache line of data. Tbe ICON block 402 also 
receives the ready signals from the MCON block 404 and provides tbc data 

to the PCI bos 98. The MCON block 404 receives the 1121 /cad cycle 
request and executes it when the cjcTe wins the arbitration. 
Convent iona I ly ibis will be before tbe-JCON block 402 has removed ill of 

Ike data from the I 2M Qoeoc 414 lor the initial read request. The MCON 
block 404 then commences the read reqoest and issues another M21NA 
signal. The MCON block 404 then provides the data La the 12M queue 414. 
The ICON block 402 receives this M21NA signal and again checks to sec if 

there is space available in the I2M queue 4H toreceive another cache 
line. When there is room becaase the ICON block 402 has provided 
sufficient data to the PCI bos 98, the next M2 I read request is provided 

to the MCON block 404. This process continues until either the Memory 
Read Multiple completes, a page boundary- is crossed or the PCI bus 
master a b o rts the cycle. 

The abort case is tbe one of interest as the pending read ahead 
operation is terminated as soon as possible to save retrieving the 
entire cache line. This cao be seen in the disenssioos uf the MEMSM 600, 

the MADRSM 608, the MDCDSM 614 and tbe M2I state machine. This quick 
termination is seen io the MEMSM 600 is tbe return to the RI or Ci 
states from the C3 and RN states, so that tbe cycles finishes as scon as 

the current individual read operation is completed, thus potentially 
before tbe completion of the fall cache line read. Similarly the MADRSM 
608 retiros to the RA1 state if a cycle has not started oi when the 
colo.no addresses have beeo provided. Tbe MDCDSM 614 returns tc the IDLE 
state if no operation has been started or il the MEMSM 600 is in the C3 
or RN states. The M2i state machioe returns to the A Elate whenever the 
M2 ! ABORT signal is received. On detection oi the abort, the ICON block 4 
02 determines the end of the read cycle and resets its pointers to the 
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data to the 12H queue 414 to indicate that DO data is present . thus 
effectively discarding ibe data which has heeo read ahead. This the read 
ahead opeiatico terminate* as soon as possible alter the abort 

indication is received, Saving time by net c cmp J c t i a g the full cache 

I t oe retrieval. 

The oeit address indication to aMcw the read ahead is proiidcd by 
the M2INA or memory tc the PCI oeit address state machine shown io 
Figure IS. The initial read address will have been provided using the 
conventional read request mechanism. An M2INA signalis provided to the 
MCON block 404 to indicate that the next read cycle can being. This 
State machine begins operation in Mate A upon reset aad proceeds Ic 
state B if the PCI lead operation is next as indicated by the IREQACK 
signal and is not being aborted. Otherwise, control remains at state A. 
Coolrol proceeds from state B back to state A if the cycle is beiog 
aborted or if the (2M qoeoe 414 is tc be cleared because of a writeback 
or if the snoop has be e a completed a od the M2IACK signal is provided 
indicating that the prior read operation has been acknowledged by the 
MCON block 404. Otherwise control remains at state B, Control proceeds 
from state B to state C if the cycle is net being aborted, it is ool 
necessary to clear the qiieic, the snoop opeiatioo has not completed and 
yet ao M2IACK signal has been received. Control proceeds from state C 
back to state A if the cycle is aborted, the 1 2M queue 414 is beiog 
cleared, or the Snoop is completed and otherwise remains in state C. 
Thus the M21NA state machine retirns to idle upon receipt of ao abort 
iodicatioo. 

The M2INA sigoat is provided to the MCON block 404 to indicate 
that the next address is beiog provided, that is, another read request 
can be issued to keep the (2M queue 414 filled ahead of the PCI bos 96. 
The M2INA signal is piovided if the cycle is not being aborted, the I2M 
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data ia the 1 2M queue 414 to indicate that do data is pieicot, thus 
effectively discarding the data which has be e o read ahead. Titos the read 
ahead op<ratico terminate*, as soon as possible after the abort 
indication is received, Saving tine by net completing the full cache 
1 i oe re t r I en i . 

The oeit address iodicatico tc allow the lead ahead is provided by 
the M 2 1 N A or memory to the PCI oext address state machine shown irj 
Figure 15. The initial read address will have been provided using the 
conventional read request mechanism. An M2INA signalis pioiided to the 
MCON block 404 to indicate that the next read cycle can being. This 
slate machine begins operation in Hate A upon reset aod proceeds tc 
slate B if the PCI read cperatico is next is indicated by the ISEQACK 
sigoal aod is not being aborted. Otherwise, control remains at state A. 
Control proceeds from state B back to state A if the cycle is being 
aborted or if the I2M qoeoe 414 is to be cleared becaise of a writeback 
or if the snoop has been completed aod the M2IACK signal is piOTidcd 
indicatiog that the prior read operation has been acknowledged by the 
MCON block 404. Otherwise control remains at state B. Cootrol proceeds 
from state B to state C if the cycle is not being aborted, it is not 
necessary to clear the queue , the snoop operation has not cunplctcd aod 
yet io M21ACK signal ha! been received. Control proceeds f i on state C 
back to stale A if the cycle is aborted, tbe I2M queue 414 is beiog 
cleared, or tbe snocp is conplcted and otherwise remains io state C. 
Thus the M2INA state machine returns to idle upon receipt of an abort 
iadicat ion. 

Tbe M2INA sigoit is provided to the MCON block 404 to indicate 
that the next address is beiog provided, that is, another read reqiest 
can be issued to keep the I2M qacoc 4(4 filled ahead of the PCI bos 98. 
The M2INA signal is provided if tbe cycle is oot beiog aborted, the 1 2 M 
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queue 414 is not being cleared, the sooop of Ibe previous r < a d cycle has 
completed and the M2 1 NA state machine is cither io state C or in state 
B and tie M2IACK signal lias be € q received. This M2INA signal is at> 
i o d i c a t ion that the processing of the prior address is complete by the 
MCON block 404 and the pr c ct § s i Dg* o f the. next read address can begin.. 
The actual i nc r erne n t i np of the read address value isperformed in the 
ICON block 402 using an 8 bit ccooter, this limiting the total read 
ahead length to 256 address valnes. When the counter reaches 255, the 
read ahead operation is terminated by logic not illustrated for 
simplicitj by causing the Memory Read Multiple to be disconnected. A new 
address must be received from the PCI bus master to continue the Memory 
Read Multiple Operation. 

Therefore a memory controller according to the preferred 
embodiment includes many improvements . It is very flexible, allowing 
simple yet high performance use with a plirality of processor and memory 
device speeds, allowiog flexibility and economics of scale, it provides 
improved performance by basing idle state RAS ♦ signal level predictions 
on both processor and PCI bos conditions. It allows very deep write 
points from several buses and easily handles the various coherency 
issues. It also provides i quick method for ending read ahead cycles 
when the basic read operation has been aborted. 

the foregoing disclosure and description of the invention are 
illustrative and explanatory thereof, and variuas changes in the size, 
shape, materials, components, circuit elements, wiring connections and 
contacts, as well as io the details of the illustrated circuitry and 
cons tract ioo and metfcod of operation may be made without departing from 
the spirit of the invent ioo. 
4 .Brief Explanation of Drawings 
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A belter loderMaadiog cf the present iaventioo caa be obtained 
when the following detailed description of the preferred embodiment is 
considered i qc o d j a o c t i c o with the following drawings, in which; 

Figure 1 is a block diagram of a system board of iccmpnter system 
according to (be preferred eobod men t ; 

Figure 2 is a block diagram of a processor boa rdaccording to the 
preseot iaventioo for use with the compiler systen of Figure 1; 

Figure 3 is a block diagram of a ridco system for use with the 
conputer system o( Figure 1 ; 

Figure 4 is a block diagram cf the memory controller of the 
processor board of Figore 2; 

Figure 5 is a block diagram of (he data buffer of Figare 2; 

Figare 6 is t block diagram of the circiitry used to provide 
memory timiog information aod addresses fora parttcolar memory cycle in 
(he memory controller of Figore 4; 

Figures 7 and 8 are block diagrams of portions of the memory 
cootroller of Figore 4; 

Figure 9 is a block diagram of the CAM nit detection logic of the 
memory cootroller of Figure 4; and 

Figures 10, 11, 12, 13. 14 aod 15 are state machine diagrams fci 
operations of circoitiy of various portions of the memory controller of 
Figure '4. 
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1 . Abo so tract 

A memo J y conlroller wbicb provide? a series cf queues bcUeeo tbe 
processor and the PC! bos and the menory system. Memory coherency is 
TDiiotaioed io two different ways. Before any read operations arc 
accepted from the PCI bos, both. of tbe. Resting qoenes must be empty, h 
content addressable memory (CAM) is utilized as the PCI io mercury queue. 

Wheo the processor performs a read request, the CAM is checked to 
determine if Qoe of tbe pending write operations in tbe PCf to memory 
queue is to tbe same address as the read operation of the processor. II 
so, tbe read operation is sot executed until the PCI memory queue is 
cleared of tbe write. To resolve the problem of aborting a Memory Read 
Multiple operation, ao abort signal from tbe PCf bos interface is 
received and assooo thereafter as can be done the read ahead cycle is 
terminated, efcu though the read ahead cycle has not fully completed. 
Tbe memory controller has improved prediction rules based on whether the 

cycle is coming from the processor or is coming from the PCI bus to 
allow more efficient precbargiog when PCI bis cycles are used. The 
memory controller is highly programmable for multiple speeds and types 
of processors and several speeds of memory devices. The memory 
controller includes a plurality of registers that specify number of 
clock periods for tbe particular porticos of a conventional dynamic 
random .access memory cycle which are used to control state machine 
operations. 
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F i g . 1 



